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BnusHue cuHppoma «lMnsaHckoi 6AalHKU» Ha paBHOBECUE U NOXOQKY
npu 6onesHu NAapKMHCOHA: CPABHUTENbHOE UCCNEefOBAHUE

Hasapoga K.M."", '\’ Hano6uHa A.H.?

"@IbY «<HayuoHansbHell MeouyuHcKul uccnedosamernsckull yeHmp peabunumayuu u Kypopmorsnoauu» MuH3opasa Poccuu,
Mockea, Poccus
2[AOY BO «Mockosckuti 20podckoli nedazozudeckuli yHugepcumemy, Mockea, Poccus

PE3IOME

BBEOEHUE. CriHapom «M3aHCKoM GallHy» — 3To no3Has fedopmauus, KOTopas MOXET MPUBECTU K YXYALWEHWIO KOHTPOJA No3bl
1 PaBHOBECUSA Y NaLneHTOB ¢ 6one3Hblo MapkrHcoHa (bI1), YTo NoBbIWAET PUCK TPAaBMAT3Ma U CHKAET KaueCTBO »KU3HU.

LLEJIb. N3yunTb BNvisiHMe cHapoMa «M3aHcKon 6allHy» Ha MOCTYpasibHbIA KOHTPOJb, PaBHOBECUE 1 MOXOAKY NALMEHTOB C 60/1e3HbI0
MapKnHcoHa.

TMNOTE3A. Mpegnonaraetcs, Yto nauuneHTsbl ¢ B, nmetowme cuHgpom «MmsaHcKom GalwHuy», 6yayT nMeTb cneuudryeckrie ocobeH-
HOCTW NMOCTYPasIbHOTO KOHTPOJA 11 PaBHOBECHUs!, KOTOPble HEOOXOAUMO YUUTBIBATb NPU pa3paboTke peabunUTaLMoHHbIX TEXHONOTUIA
ONA KOPPEKL MU NO3HbIX HAPYLIEHWNIA.

MATEPUAJIbl U METOAbI. B pamkax cpaBHUTENbHOTO UccnefoBaHus 6bino obcnefoBaHo 30 yenoBek 06OMX MOMOB, BO3PacTHOM
ananasoH 45-80 net, ¢ 2-4-1n ctaguei bl no knaccndukaumm XeH u fipa (1967), Bce yyaCTHUKM UCCeOBaHNA NOAyYanu npenapatbl
neBoAoMNbl B HAVBUAYaIbHOWN [O3MPOBKE, MOAOOPaHHON BPauoM HEBPOJSIOrOM-NMapKUHCOHOMOroM. Miccnepyemble 6binv pasfeneHsl
Ha 2 rpynnbl Mo 15 yenoBekK B KaXAoW Mo NPUHUMNY Hanuuus cuHapoma «I3aHCcKon 6aliHu» 1 ero oTcyTcTBuUs. Kputepun BKoueHWs
B rpynnbl: LO6POBOSIbHOE MHGOPMUPOBaHHOE cornacue nuuy ¢ bl Ha nccnepoBaHve; Bo3pacT ot 45-80 neT, 2-4-s1 ctapgua 6onesHu Map-
KUHCOHa no XeH — fApy, OTCYTCTBUE ApYrvx 3aboneBaHnii 1 rpyObiX KOrHUTUBHbBIX HapyLleHui. Kputepumn HeBKOUeHWA B UCCNIeA0Ba-
HUe: BO3pacT monoxe 45 n ctapuwe 80 neTt, nuua, cTpagatoLiye NCUXMYECKMMIN PacCTpPoCcTBaMm, OTKas noanmcaTb MHGOPMUpPOBaHHOE
cornacue Ha y4yacTue B UCClieloBaHMK, BCe 3ab0ieBaHNA, B TOM Umcsie UHGEKLMOHHbIE, B OCTPOI CTauK, XPOHUYecKre 3abonieBaHus
B CTaauy obOCTpeHUs, Apyrue HeBposnornyeckne 3aboneBaHus. [JuarHocTrika NpoBoaWIack C NMOMOLLbIO CUCTEMbI CTabUIOMETPUN
COBS Physiomed 1 onpocHuka EQ-5D-3L, AHEBHUKOB NafieHWI 1 AMHAMUYECKoro nHaekca noxogku (DGI). loctoBepHOCTb pa3nuumi
onpepensanacb no U-kputepuio MaHHa — YutHu. O6paboTka AaHHbIX Oblfla NPoBeAeHa C NCNob30BaHeM Nporpammbl Statistica 10.
PE3YJIbTATDbI. lNpwn cTatnctnyeckom aHanmse BbiABNEHbI JOCTOBEPHbIE Pa3nNnyma B NnapameTpe NHAeKC KoopanHaumm Tecta «banaHc
CTOA» ANA NPaBOW HOMM MpPY YPOBHe 3HauyMmocTu p < 0,05. Mo wkane EQ-5D-3L BbiABAEHbI JOCTOBEPHbIE Pa3inuna MeXAay rpynnamm
npwv ypoBHe 3HaumocTm p < 0,05, B rpynne ntogei ¢ Bl 6e3 cnHapoma «MrsaHcKom 6allHm» KaueCTBO XKU3HWN JOCTOBEPHO BbILLE, @ KO-
NNYECTBO NaJleHnI JOCTOBEPHO Bblille B rpynne finu, cTpagatowumx bl ¢ cuHapomom «IMr3aHCcKo 6allHm», 3TOT MoKa3aTeslb MPeBbILLIAeT
YyacToTy nageHuin cpean nuy ¢ b 6e3 cuHapoma «MrsaHcko GalHW» NOYTM B [1Ba pPa3a, YTo yyallaeT TpaBMaTun3aluto nojein n eaet
K CHUPKEHMIO KauecTBa XKNU3HW.

OBCYXXOEHUE. Xonbba co CMeHOW HampaBneHUs 1 MHOro3aAa4yHOCTbiO ABNAETCA Hambornee 3HaumMmon npobnemoii ans nuy ¢ BIl
C cuHgpomom «[MM3aHCKo BaLLHM», Pa3NMUMsa MeXay rpynnamMu 4OCTOBEPHbI MPU YPOBHe 3HaUnMocTu p < 0,01.

3AKJTIOYEHUE. MauueHTsl ¢ BN 1 cuHppomom «Mr3aHCcKom 6allHM» UMET U3MEHEHHYIO MOXOAKY, CBA3aHHYIO C HAaKNIOHOM Tesa Brie-
pen, HeCTabUNBbHOCTbBIO U CHUXKEHEM KOHTPOJIA HaJ PaBHOBECUEM.

KJTHOMEBDIE CJTOBA: ¢uznueckas peabunuraums, 60ne3Hb MapKUHCOHa, CUHAPOM «[TM3aHCKOM GallHIM», KaUeCTBO XM3HU, MO-
BCeHEBHAA aKTUBHOCTb.

Onsa yntupoBaHus / For citation: Hasaposa K.M., HanobuHa A.H. BnuaHue cnHppoma «lusaHckoi 6allHM» Ha paBHOBecCHe
1 Noxoaky npw 6onesHn MapKUHCOHA: CpaBHUTENIbHOE MCCnejoBaHMe. BeCTHMK BocCcTaHOBUTENbHON MeanuuHbl. 2024; 23(3):8-13.
https://doi.org/10.38025/2078-1962-2024-23-3-8-13 [Nazarova K.M., Nalobina A.N. The Effect of the Pisa Syndrome on
Balance and Gait in Parkinson’s Disease: a Comparative Study. Bulletin of Rehabilitation Medicine. 2024; 23(3):8-13.
https://doi.org/10.38025/2078-1962-2024-23-3-8-13 (In Russ.).]

* [ina KoppecnoHaeHumn: Hazaposa KprctnHa MuxaiinosHa, E-mail: nkm19@yandex.ru, nazarovakm@nmicrk.ru

Cratba nonyueHa: 06.03.2024
CraTba npuHATa K neyatn: 14.05.2024
CraTtbA ony6nukoBaHa: 17.06.2024

© 2024, Hazaposa K.M., Hano6uHa A.H.

Kristina M. Nazarova, Anna N. Nalobina

OTa CTAThs OTKPLITOro 4OCTyna no nuueHsun CC BY 4.0. Mspatenscteo: PIrBY «HMULL PK» Munasgpaea Poccum.

This is an open article under the CC BY 4.0 license. Published by the National Medical Research Center for Rehabilitation and Balneology.

CTATbU


https://orcid.org/0009-0000-2590-6755
https://orcid.org/0000-0001-6574-1609

BULLETIN OF REHABILITATION MEDICINE | 2024 | 23(3)

The Effect of the Pisa Syndrome on Balance and Gait
in Parkinson’s Disease: a Comparative Study

Kristina M. Nazarova'’, 2’ Anna N. Nalobina?

" National Medical Research Center for Rehabilitation and Balneology, Moscow, Russia
2 Moscow city University, Moscow, Russia

ABSTRACT

INTRODUCTION. Pisa syndrome is a postural deformity that can lead to impaired posture control and balance in patients with
Parkinson’s disease (PD), which increases the risk of injury and reduces the quality of life.

AIM. To study the effect of the Pisa syndrome on postural control, balance and gait of patients with Parkinson’s disease.

HYPOTHESIS. It is assumed that patients with PD with the Pisa syndrome will have specific features of postural control and balance,
which must be taken into account when developing rehabilitation technologies for correcting postural disorders.

MATERIALS AND METHODS. As part of the comparative study, 30 people of both sexes were examined, all study participants received
levodopa drugs in an individual dosage selected by a neurologist-parkinsonologist. The subjects were divided into 2 groups of 15
people each according to the principle of the presence of the Pisa syndrome and its absence. Criteria for inclusion in the groups:
voluntary informed consent of persons with PD for the study; age from 45-80 years, stage 2-4 of Hoehn-Yahr Parkinson’s disease,
absence of other diseases and gross cognitive impairment. The diagnosis was carried out using the COBS Physiomed stabilometry
system and the EQ-5D-3L questionnaire, a diary of falls and a dynamic gait index (DGI). The reliability of the differences was determined
by the Mann-Whitney U-test. Data processing was carried out using the Statistica 10 program.

RESULTS. Significant differences were revealed in the parameter of the coordination index of the Standing Balance test for the right leg
and on the EQ-5D-3L scale at a significance level of p < 0.05, in the group of people with PD without the Pisa syndrome, the quality of life
was significantly higher, the number of falls was significantly higher in the group of people suffering from PD with the Pisa syndrome
towers.

DISCUSSION. Walking with a change of direction and multitasking is the most significant problem for people with PD with the Pisa

syndrome, the differences between the groups are significant at a significance level of p < 0.01.
CONCLUSION. Patients with PD and Pisa syndrome have altered gait associated with body tilt forward, instability and decreased

balance control.

KEYWORDS: physical rehabilitation, Parkinson's disease, Pisa syndrome, quality of life, daily activity.

For citation: Nazarova K.M., Nalobina A.N. The Effect of the Pisa Syndrome on Balance and Gait in Parkinson’s Disease: a Comparative
Study. Bulletin of Rehabilitation Medicine. 2024; 23(3):8-13. https://doi.org/10.38025/2078-1962-2024-23-3-8-13 (In Russ.).
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BBEOEHUE

CuHapom «lunsaHckom GawHm» (ToHMYeckoe naTepasnb-
Hoe crubaHune Tynosuuwa) — 3TO Aepopmauma OCaHKM,
nopaatowasa nauneHToB ¢ 6onesHbto MapkuHcoHa (BI),
pacnpocTpaHeHHOCTb coctasnseT 1,9 % [1, 2]. 5To oTHO-
cnTCcAa K 60KOBOMY crbaHuio Tynosuila 6onee yem Ha 10°,
KOTOpoe YCTpaHAeTCA MNacCcMBHOW Mobunusauuen wnm
HaXOXJEeHNEM B MOJIOXKEHUN NeXa Ha cnuHe [3, 4]. MNaTto-
Nornyeckrie OCHoBbl cHApPOMa «IM3aHCKon GalHu» npwu
Bl ewe He NonHOCTbIO M3y4yeHbl. Kak LieHTpanbHble, Tak
1 neprudepryeckne MexaHn3mMbl MOTYT BIMATb Ha 3Ty Je-
dopmauuto [3, 51, Npy 3TOM KNtoueByio PoNib MOTYT UrpaTb
LeHTpanbHble MexaHW3Mbl, TakMe Kak AWCTOHUA MbILULy
TYNOBYLLA N H/XKHUX KOHEUYHOCTeN. dnekTpomMmuorpaduye-
CKue nccnenoBaHna [2, 4, 6, 7] nokasanu yBennYeHHYI0 ak-
TUBALMIO NapacnyHanbHbIX MblLUL, MPU HAaKNOHe TyNoBuLa
Mo CPaBHEHWIO CO 3[0POBbIMU KOHTPOJIbHbIMU WCMbITYe-
Mbimu. MNeprdepryeckne MexaH3mbl, BKIOUYasa MMOMNATUIO
N fereHepaTuBHbIE 3MEHEHUA B MO3BOHOUHMKE U MATKNX
TKaH#AX, MOTYT BbI3blBaTb MbILLEYHbIA AncbanaHc, cnaboctb
N KOMMNEeHCaUNOoHHYo no3sy [2, 3].

KoHTponb no3bl 1 paBHOBECMA UrPaeT BaXHYO pPoJb
B MoAAep»KaHUN NOABMMHOCTA U obliero 6Gnarononyuua

ARTICLES
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yenoseka [2, 8]. [TocTypanbHbI KOHTPOJIb NOMOraeT Co-
XpaHATb CTabUNbHOCTb Tena OTHOCUTENbHO TpaBuUTaLUn
N OKpyXaltollen cpefpbl. KOHTponb paBHOBecKA BKIOUaeT
BbIMOJIHEHME CTaTMYECKUX W OMHAMUYeCKMX 3ajay, He-
obxoaAMMbIX A1A rnoBceAHEeBHbIX AencTeuin [4]. Y nauneH-
ToB C Bl yacTo Bo3HMKalOT NPo6iemMbl C KOHTPONEM NO3bl
n paBHoBecua [5]. ViccnefoBaHmA MOKasbiBaloT, UTO CUH-
apoM «ln3aHcKom GalHW» MOXEeT OKa3blBaTb BNMAHME
Ha 3T HapylleHVsA, OAHaKO TOYHaa MPMPOAA 3TOro BO3-
[encTBua TpebyeT danbHewnwero usyyeHusa. Hekotopble
[aHHble YKa3blBaloT Ha TO, YTO MCKaXXeHHOEe BblpaBHUBaHMe
OCaHKW He 06A3aTeNIbHO CBA3aHO C HeafleKBaTHbIMY peak-
LMAMKU Ha No3y unu pasHoBecue [6]. ViccnenoBaHma npo-
LEMOHCTPMPOBANH, YTo NaumeHTbl ¢ bl cTpapatoT ot n3me-
HEHHOro YyBCTBa BEPTUKaNIM 1 YTO HapyLlLeHMe Nponpuo-
LenTMBHOM CUCTEMbl M COMATOCEHCOPHOW WHTerpaumu
MO>KeT ABMATbCA NPUYNHOW YacTblX MafeHUIn U cepbe3HOoN
TpaBMaTu3auum [5, 6]. Takoe HapyLLeHMe TaKKe MOXET CO3-
[laBaTb HETOYHOE BHYTPeHHee npefcTaB/ieHne O CTPYKTY-
pe Tena [6], npegpacnonaras nogen ¢ bl K NoBbllLeHHOMY
pucky nageHus [5, 8]. Ewe ogHUM noTeHUManbHbIM OCNOX-
HeHueMm, HabnogaemblM OCOOEHHO YacTo y NauMeHTOB
¢ BN, nmetowmx cnHppom «lmnsaHckom GawHM» Ha PaHHUX
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CTaguAx 3aboneBaHus, ABNAETCA OTCYTCTBME OCO3HaHMWA
cMelleHuA Tynosuwa [4].

Hackonbko Ham W3BeCTHO, Ha CEeropHAWHWIA [eHb
HW B OLHOM MCCIeJOBaHNM He N3yYanucb HapyLleHUa no-
CTypanbHOro KOHTPOIA, PaBHOBECUA 1 NMOXOAKM Y NaLuneH-
ToB ¢ bl n cnHapomom «Mmn3aHcKom HGalH».

LEJIb

N3yuntb BnnAHue cuHgpoma «Mn3aHcKon GawHmM»
Ha NOCTypanbHbI KOHTPONb, PaBHOBECKE 1 NMOXOAKY Y MNa-
LiMeHTOB ¢ 6onesHblo MNMapKuHCoHa.

FTMNOTE3A

Mpepgnonaraetcs, 4YTo M3-3a HapyLUEHNA OCaHKM Yy Ma-
umneHToB ¢ BI, nmerowmnx cuHapom «MmnsaHckom GawHm»,
6ynyT BblABNEHbI cneuyndryeckne 0Cob6eHHOCTU MNOCTy-
panbHOro KOHTPONA, PaBHOBECUA U X0AbObI MO CPaBHEHWIO
c naumeHTamun ¢ bl 6e3 cnHppoma «lMr3aHCKoM GalLHW»,
KoTopble HeoOXoAMMO YUnTbIBaTb NpY pa3paboTke peabu-
NNTAUMOHHDBIX TEXHOSOMMIA, HanpPaBfIeHHbIX Ha KOPPEKLMIO
MO3HbIX HaPYLLUEHUIA.

MATEPWUAJIbI U METOAbI

NccnepoBaHve npoBoaunocb Ha 6ase neyebHo-pea-
6unutaymoHHoro ueHTpa OIbY «KnnHmnueckasa 6onbHMLa»
YnpasneHus genamu MNpesugeHta PO (r. MockBa) ¢ mtons
2022 r. no aBryct 2023 r. B pamkax OTKpbITOro NpocneKkTuB-
HOrO KOHTPONMPYEMOrO MUcciefoBaHuA 6bl1o obcnenoBa-
HO 30 yenoBek 060MX MONOB (B PaBHbIX AONAX), BO3pacT-
HoW Amana3oH 45-80 neT, ¢ 2-4-1 ctaauen bl no knaccu-
durkauyum XeH u Apa (1967), Bce yyacTHUKM NCCNefoBaHNA
nonyyanu npenapaTtbl 1eBOAOMbl B MHAUBUAYaNbHOW [O-
3MpPOBKe, MNoAO6GpPaHHON BPAYOM HEBPONOroM-NapKmMH-
CcoHonorom. B aHanusnpyemor Hamu BblGOpKe CpepHUi
BO3pacT cocTaBnan 64,2 = 5,1 roga, ctagua no XeH — fpy
B cpegHeM cocTaBuna 2,6 = 0,5. AnuTtenbHocTb 3aboneBa-
HWA cocTaBnsAna ot 3 fo 27 net. iccnepyemble 6binn pasae-
NeHbl Ha 2 rpynnbl No 15 YyenoBek B KaXKAown Mo npuHUuny
Hanmuna cuHapoma «Mn3aHckom H6allHW» 1 ero oTCYTCTBUA.
Kputepun BKNOYEHUA B rpynnbl: JO6POBONIbHOE MHOP-
MVpOBaHHoe cornacue nuy ¢ bl Ha nccnegosaHue; BO3-
pact ot 45-80 net, 2-4-a ctaguA 6one3Hun lNapKMHCOHa
no XeH — fApy, oTCyTCTBME APYrX HEBPONOIrMYECKUX, OPTO-
neguyecKknx 1 OHKOMOrMYyecKnx 3abonesaHunii, OTCyTCTBME
rpyObIX KOTHUTUBHbIX HAapYLUEHWI. KpuTeprm NCKNoYeHnA:
BO3pacT Mmonoxe 45 n ctapwe 75 net; nuua, ctpagjarooLume
NCUXMYECKUMMN PaACCTPONCTBaMK; OTKa3 MOAMNMCaTb WH-
dopmMupoBaHHOe cornacue Ha yvactve B UCC/iefoBaHUY;
BCe 3aboneBaHus, B TOM Uncie UHPEKLMOHHbIE, B OCTPO
CTaaun, XpoHMYecKre 3abonieBaHnA B CTagmm oboCTpeHuns,
Apyrue HeBponormyeckme 3aboneBaHus.

Kpumepuu HeeknoyeHus

Hanuuve BblpaXKeHHbIX KOTHUTVBHbIX HApYLIEHWI, Ha-
nnyre BblpaXKeHHbIX abPeKTUBHBIX HapyLEeHWiA, Tpebyto-
WMX MEANKAMEHTO3HOW KOPPEKLMKW, Hanmnuve naTonorui
OMOpPHO-ABUraTeNIbHOro anmnapata (octeonopos, 3abone-
BaHVA NO3BOHOYHIKA), BOSHUKHOBEHVE OCTPbIX 3ab0neBa-
HWI, NPENATCTBYIOLWMX NPOAOSIKEHNIO BOCCTAHOBUTENbHO-
ro fieyeHus (oCTpble MHEBMOHMU, TPOMOO3bI BEH U apTepuii
1 Ap.), DeKOMMNeHcaumsa ConyTCTBYIOLMX COMATUYECKUX 3a-
6oneBaHuWil, HEOBXOAMMOCTb KOppeKuuUn npoTuBonap-
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KUHCOHNYECKOM Tepannn B CBA3M C nNporpeccnpoBaHnem
OCHOBHbIX CMMNTOMOB, OTKa3 OT y4aCTuA B nccnegoBaHmm
Ha nto6oM 13 3Tanos.

Komnnekc o6cnedoeaHus nayueHmos

[JwnarHoctuka npoBogmnacb cneymanuctom no ¢epusm-
yeckol peabunmTaumy COBMECTHO C BPauOM HEBPOJIOrOM-
napKuHcoHonorom. B xope nccnepoBaHna Obinu nonyye-
Hbl JaHHble O Pa3NMYHbIX NapameTpax, Takux Kak ctagma
no XeH — flpy, Harpy3ka M KOOPAUHaLMA ANA Kaxgow
Horn, nyKTyauma n cummetpua. OHM Gbiny oLeHeHbl Npu
nomolym cuctembl ctabunometpum COBS Physiomed. Kpo-
Me Toro, 6bIIM NccnefoBaHbl NMOKasaTey KauecTBa »KU3HU
yepes EQ-5D-3L, oHeBHUKM NageHnn N ANHAMUYECKUIN NH-
Jekc noxoaku (DGI).

Cmamucmud4eckuli aHanus

O6paboTka AaHHbIX MPOBOAMNIACL C MUCMONb30BaHNEM
nporpammbl Statistica 10 gna Windows ¢ ncnonb3soBaHvem
HenapameTpuyecknx MeToAos. [loCTOBEPHOCTb pasnuyni
6bina npoBepeHa npu nomowm U-kputepma MaHHa — YuT-
HW. KpUTnyecknin ypoBeHb 3HaYMMOCTU NP NPOBEpPKe CTa-
TUCTUYECKNX FMMOTe3 NPUHUManca pasHbim 0,01.

PE3YJIbTATbl UICCNEAQOBAHUA

Bo Bpema wnccnepoBaHua Obinv M3MepeHbl CTabuno-
MeTpuYecKre XapakTepuCTUKN y4yacTHUKOB. B Tecte «ba-
NaHC CTOA» CPeAHAA Harpyska Ha NeBylo HOry coCTaBuna
50,9 = 7,6 %, Ha npaByto — 50,7 + 6,1 %. lhaeKc KoopamnHa-
uumn neon Horum 6611 0,8 + 0,1, npasont — 0,8 £ 0,2. Onyk-
Tyauma coctasuna 14,5 = 6,2 %, nHOekc cummeTpmm —
0,6 £ 0,2. B Tecte «HaknoHbl Kopnyca Bnepea» cpegHAA
Harpyska Ha sieByto Hory coctasuna 48,6 + 4,1 %, Ha npa-
Byto — 51,1 £ 4,1 %. IHgeKc KoopAanHaumy neBon Horm —
0,8 £ 0,2, npaBon — 0,7 = 0,1. dnyKTyaumsa cocTaBma
4,1 + 2,9 %, nigekc cummeTpum — 0,7 £ 0,2. B tecte «[Mogb-
eMbl 13 MOJIOXKEHNA CnAA» CPeAHAA Harpyska Ha neByio
Hory coctasuna 52,9 + 3,5 %, Ha npasyo — 47,6 + 4,8 %.
MHpekc kKoopguHauun neson Horu 0,7 + 0,2, npaBon —
0,7 £ 0,1. ®nykTyauma coctasuna 7,3 = 4,5 %, nHaekc cnm-
metpun — 0,7 £ 0,2. Bce napameTpbl, KpoMe nHAeKca Ko-
OpAvHaLmMK, 6bIIN CHUXKEHDBI Y BCEX YYACTHUKOB UCCefo-
BaHWA. 3HauYeHUsA nHaekca maccol Tena (MMT) yyacTHMKOB
06eunx rpynn Haxoaunucb B nNpegenax Hopmbl: 19,2 + 2,4
6anna B rpynne nayuneHToB ¢ bl ¢ cuHapomom «lmsaHcKom
6alwHm» n 19,6 + 2,1 6anna B rpynne nauneHTos c bl 6e3
cmHapoma «lmnsaHcKom HGallHW».

[JaHHble, NpefcTaBneHHble B Tabn. 1, cBMAETENbCTBYIOT
0 TOM, YTO Y MaymeHToB obeunx rpynn Habnaanmcb Hapy-
LEeHNA paBHOBECKA 1 YacTble MafeHns, YTo CyLeCTBEHHO
CHVXAeT KauecTBO »KN3Hu nogen ¢ bI1.

B rpynne naumeHTtoB ¢ b1 n cuHapomom «MnsaHckom
6alwH» Habnopanucb cnegylowme ocobeHHOCTN: B TecTe
«banaHc cToA» Harpyska Ha Horu Obina HeoAWHaKOBO,
bnykTyauma coctauna 16,1 %, MHAEKC CUMMETPUN YMEHb-
wnca Ha 40 %. B Tecte «<HaknoHbl Kopnyca Bnepea» LeHTp
TAXKECTU cMeLlanca Bnpaso, GnykTyauma coctasmna 3,6 %,
VMHAEKC cummeTpum cHusunca Ha 30 %. B Tecte «[logbembl
13 NONOXeHUA CMAA» HabnoJanoch yBenMyeHne Harpysku
Ha JIeBYIO HOTY Bbllle HOPMbI, Ha MPaBYI0 — HWXKE HOPMbI.
KauectBo »13HM no onpocHuky EQ-5D-3L 6bino oueHeHo
B 50,5 + 15,9 6anna, cpegHee KONMYECTBO NageHU B He-
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Ta6nuua 1. MapameTpbl CTaOUIOMETPUM 1N KAUECTBa XKI3HU Ntogelt ¢ 6one3Hblo MNMapKnHCoHa
Table 1. Parameters of stabilometry and quality of life of people with Parkinson’s disease

BN c cungpomom b 6e3 cuHapoma
«MunsaHckom 6awHmn» / «MunsaHckoi 6awHmM» /
PD with Pisa syndrome PD without Pisa syndrome

Mapametpbl / Parameters

JleBaaHora/  [paBasHora/ JleBaaHora/  [llpaBas Hora/
Leftleg Rightleg Leftleg Rightleg

BanaHc ctosa / Standing balance

Harpyska, % / Load, % 449+5,6 55,1+5,6 50,6 +8,3 50,3+8,2

NHpekc koopaunHauvn, eq. /

+0,17 +0,17 +0,1° +0,17
Coordination index, units 09+0/1 08+0/1 08+0.1 0,7£0/1

Onykryauyus, % / Fluctuation, % 16,1 +6,9 16,1+6,9

NHpekc cummeTpun, e, /

Symmetry index, units 06+0,2 06+0,2

HaknoHbl Kopnyca Bnepep, /
Bodly tilts forward

Harpyska, % / Load, % 46,8 + 3,5 532+35 504 +25 50+29

Unpekc kooppauHauvn, eq. /

Coordination index, units 07402 0,7%0,2 06+0,1 0,7%0,

Onykryauus, % / Fluctuation, % 3614 3,7+1,8

Uupekc cummeTpun, en. /

+ +
Symmetry index, units 07+0,2 07x02

Mogvembl N3 nonoxkeuma cnga /
Lifts from a sitting position

Harpyska, % / Load, % 54,1+29 459+29 54,7 + 4,6 453 +4,6

NHpeKkc KoopanHauuu, eq. /

Coordination index, units 06402 0640, 0,740, 0,740,

Onykryauus, % / Fluctuation, % 92146 6,6 +43

Unpekc cummetpun, ep. /

Symmetry index, units 06+01 0,5%0,1

Wkanbi / Scales

EQ-5D-3L, 6annbi / points 50,5+ 15,9 54+12"

[JHeBHUK NageHnin, KONN4YecTBo
napeHwii B Hegento / Diary of falls, 1M1 6+2
the number of falls per week

AnHaMmunyecKnin MHAEKC NOXOAKMN
(DGI), 6annbl / Dynamic gait Index 11,3+3,1" 17,7 £3,6"
(DGI), points

UHpekc maccbl Tena (MMT), 6annbi /

Body Mass Index (BMI), points 192+24 196+ 2,1

lMpumeyaHue: " — mex2pynnossie cmamucmuyecku 3Haqyumele pasnuyus (p < 0,05); ™ — mexepynnossle cmamucmuyecku
3Haqumesle pasnuyud (p < 0,01).

Note: " — statistically significant differences between groups (p < 0.05); " — statistically significant differences between groups
(p<0.01).
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fento coctasuno 11 = 1 pas. CpegHuin 6ann gUHaMUYeCKo-
ro nHgekca noxopaku (DGI) cHu3mnca Ha 58,1 %, [OCTUTHYB
3HayeHua 11,3 = 3,1 6anna.

Cpepun naumeHToB ¢ bl 6e3 cnHgpoma «lusaHcKom
6awHu» obHapyxeHbl cnepgytowmne ocobeHHocTn. B no-
noxeHun crosa Gnykrtyauma coctaBndet 16,1 %, mHAeKC
CUMMETPUM CHWXKeH Ha 40 %. Mpwn crmbaHum Tynosuwia
pacnpefeneHune Harpyskmn mexay ctonamm CUMMETPUYHO,
c dnykTyaument 3,7 % 1 NHAEKCOM CUMMETPUM, CHUXEHHbBIM
Ha 30 %. Bo BpeMA nogbeMoB 13 NONOXKEHUA CMAA Habnto-
JaeTcA cmeLleHre LeHTpa TAXKeCTH, YTO OTpaXaeTca B yBe-
NINYEHUWN Harpy3KKN Ha NeByto HOTY Ha 4,7% 1 yMeHbLUeHUN
Ha npaByto HOTy Ha 9,6 %, ¢ pnyKTyaumen 6,6 % 1 MHOEKCOM
CUMMETPUM, CHUXKEHHbIM Ha 50 %. KauecTBO »n3HWK, oue-
HeHHoe no onpocHuKy EQ-5D-3L, coctaBnser 54 + 12 6an-
noB. CpegHee KONNYeCTBO NafeHUN B Hefento CoCTaBuIo
6 + 2 pa3a, a cpeaHui 6ann AUHaAMUYECKOro MHAeEKCa Mno-
xopkm (DGI) — 17,7 £ 3,6 6anna, 0 YeM CBUAETENbCTBYIOT
paHee ony6nnKoBaHHble nccnegoBaHua [9].

OBCYXXAEHUE

B pesynbrate cTaTMCTMYecKoro aHanusa Obinn obHa-
py>KeHbl 3HauvMble pas3nuMA B MHAEKCe KoopAnHauun
TecTa «banaHc ctoa» gna npaeow Horu (p < 0,05), KOTopbIN
ocTanca B Hopme gna obeunx rpynn. KauecTBo X13HW Yy Na-
umeHToB ¢ bl 6e3 cuHgpoma «Mm3aHcKol GawHW» oKasa-
NOCb BblLLE, @ KONMYECTBO NageHni Huke. OfHako B rpynmne
C cnHapomMom «lmn3aHcKor H6allHW» YacToTa NageHuin 6oina
BblLLE, YBENNYMBAA PUCK TPABM U CHUXKAA KaueCcTBO »KU3HU
(p < 0,05). Hanbonee 3HauMMbIM PpaKkTOPOM OKasasacb Mpo-
6nema xoabbbl C U3MEHeHMeM HanpaBssieHNsA U BbIMOJIHEHU-
€M HeCKONbKUX 3afiay y naymeHToB C 060UMK COCTOAHUA-
MU, NPU 3TOM Pa3fiMunAa MeXAY rpynnamm Obiny 3HauMMbl
(p <0,01).MonyyeHHble pe3ynbTaTbl NOATBEPXKAAIOT AaHHble
APYrux nccnefoBaHuUM, KOTOPbIE TakKe BbIABUIIV CHUXKEHE
CTabuIoOMeTpPUYECKMX MOKa3saTenen y 3Tomn Kateropmm naym-
eHToB [10]. He 06Hapy»eHO 3HaunTeNbHOM pa3HMLibl B CTa-
6unomeTpryeckmx NapameTpax Mexay rpynnamu naymeH-
ToB ¢ Bl ¢ cHppomom «lMr3aHckom GawwHm» n 6e3 Hero [11].
HekoTtopble nccnenoaHua [12] MmoryT nokasbiBaTb pasnu-
uMA B 3HAYEHUAX MHAEKCA KOOpAVHaLUM MeXay rpynnamu
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nauveHToB ¢ Bl ¢ cuHapomom «MunsaHcKkon GatHu» 1 6e3
Hero. B Hallem MccnegoBaHUM He BbIABIEHO TaKUX pa3in-
UKlA, 3TO MOXKET ObITb BbI3BAHO Pa3INUNSAMUN B METOLOSOMN
N3MEPEHVA 1 KPUTEPUSMU BKIIOUEHNA NaLVIEHTOB.

3AKJTIOMEHUE

B pesynbTate npoBefeHHOro nccneqoBaHna 6bino Bbl-
ABNEHO, YTOo cUHApPoM «[lM3aHCKOW 6GalHM» OKa3blBaeT
CYLLeCTBEHHOE BNMAHME Ha MOCTYPaNbHbIA KOHTPOSD,
paBHOBECKE 1 MOXOAKY Y N, cTpagatowmx bl. Habnopa-
emble N3MeHeHnA B obpase ABMXKEHUA U NO3e NaLneHTOB
NoATBEPKAAIOT CBA3b MEXAY CMMTOMaMy 60fe3HM 1 onu-
CaHHbIM CUHAPOMOM.

OcHoBHble 8b1800bl UCC/IE008AHUA:

1. MocTypanbHbI KOHTPONb: Y NaumeHToB ¢ bl oTmeua-
€TCA CHMPKEHME MOCTYPanbHOro KOHTPOA, NPOoABAsAoLLe-
ecsA B HeMnpon3BOJIbHOM HakfioHe Tena (cuHgpom «lnsan-
CKOW 6alHW»). OTOT GEHOMEH 3HaUMTENIbHO BAUAET Ha CMo-
COOHOCTb NOAAEPXKMBATb BEPTMKaNbHOE MONIOXKEHME.

2. PaBHoBecue: crHapom «Mr3aHCKoW GallHW» CyLle-
CTBEHHO CKa3blBaeTCA Ha paBHOBeCUM GOSbHbIX. V3mMeHe-
HMA B obLleM LieHTpe MacC U LeHTpe TAXeCTU NpuBoaAaT
K HeCTabunbHOCTM 1 MOBbILLEHHOMY PUCKY NOTEPU PaBHO-
Becus.

3. MNoxopaka: XapaKTepuUCTMKM MOXOAKM MOABEpratTca
CYLLECTBEHHbIM N3MEHEHNAM NoJ, BO3AENCTBNEM CUHAPO-
Ma. TO MpPOABAAETCA B YMEHbLUEHUW JIVHbI Wara, YXyq-
LWEHUN KOOPAMHALMN ABVKEHVI 1 YBENYEHWN BPEMEHU
KOHTaKTa CTOMbI C MOBEPXHOCTbIO.

4. TpaKTnyeckme pekomeHaLmm: NoyYeHHble pesynb-
TaTbl MOTYT 6blTb MCMONb30BaHbl ANA Pa3paboTKn sdpdek-
TUBHbIX METOA0B GU3NYECKON peabunutauum, HanpasneH-
HbIX Ha ynyylleHre NoCcTypasibHOro KOHTPONA U paBHOBe-
cnA 'y nauymeHTos ¢ brll.

[JaHHOoe nccnepoBaHMe NOAQYEPKNBAET BaXKHOCTb fanb-
HeMLWNX HayUHbIX NCcCnefoBaHni B 06/1aCTV BAAHWA CUH-
Apoma «IMm3aHcKom 6alHm» Ha GYHKLMOHANbHbIE acneKTbl
XM3HU naymeHToB ¢ Bl n oTKpbIBaeT HOBble MepCrneKTMBbI
ANA pa3paboTKM NepcoHann3MpoBaHHbIX MOAXOA0B K pea-
6unuTaLMm faHHON KaTeropum naLmneHTos.
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ABSTRACT

INTRODUCTION. Exercise constitutes a crucial and well-established component of changing lifestyle to control non-alcoholic fatty
liver disease (NAFLD). Accelerating training (AT) involves activating skeletal muscles through heightened gravity acceleration using
vibration, rendering it a recommended therapeutic intervention.

AIM. To determine the impact of incorporating AT with aerobic exercise on sleep quality and liver function in NAFLD.

MATERIALS AND METHODS. This randomized control trial recruited 60 female NAFLD patients aged 35-45 years from Al-Shrouk
General Hospital in Cairo. The participants were equally allocated at random into two groups: A (control group) received aerobic
exercise, and B (intervention group) received AT plus aerobic exercise and followed a three-month intervention program. Before and
after the interventions, sleep quality was assessed through the Pittsburgh Sleep Quality Index (PSQI), and liver function was evaluated
by measuring alanine transaminase (ALT) and aspartate transferase (AST) hepatic enzymes in the blood.

RESULTS. Both PSQI scores (p < 0.05) and ALT enzyme levels were significantly (p was 0.005 and 0.006, respectively) improved in groups
A and B after the three-month intervention program. However, the AST levels exhibited a non-significant change in both groups (p was
0.569 and 0.027, respectively).

CONCLUSION. Combining aerobic exercise and AT may provide the best clinical benefits to NAFLD patients.

KEYWORDS: non-alcoholic fatty liver disease, accelerating training, aerobic exercise, whole-body vibration, sleep quality.
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YnyulwieHue KauecTBA CHA NPU HEANKOrofibHOM XXUPOBOM gUcTpodum
NeyYeHU C NOMOLLbIO KOM6MHUPOBAHHbIX A3PO6HbIX TPEHUPOBOK
C YCKOPEHUEM CUJbl TAXKECTMU:
PAHAOMU3UPOBAHHOE KOHTPOJIbHOE UCCNefoBaHue

®axmum J1.M.", = A6genb Xagn A.A.", & Anm A.A.%, D Ann AX.3,

" Kagpedpa gusudeckoli mepanuu cepoedyHo-cocyoucmelx, pecnupamopHseix 3abonesaHuli u eepuampuu, hakynemem
¢usuyeckol mepanuu, Kaupckuti yHusepcumem, [usa, E2unem

2 Kaghedpa sHympeHHux 6onesHel, HayuyHo-uccnedosamensckuli uHcmumym Teodopa bunxap3sa, Kaupckuli yHusepcumem,
lu3a, Ezunem

3 Kagpedpa gpusuyeckoli mepanuu ¢pyHOameHmMasbHeIx Hayk, hakyismem ¢usudeckoli mepanuu, Kaupckut yHusepcumem,
lu3a, Ezunem

A6a-anb-xacm6 A",

PE3IOME

BBEAEHUE. Qui3nuyeckrie ynpaxxHeHUA ABAAIOTCA BaXHEWLWVIM U XOPOLLO 3apeKOMeHAOBaBLUUM ce6A KOMMNOHEHTOM M3MeHeHUs
06pasa XKu3Hu ana 60pbbObl C HEANKOrONbHON XNpoBol 6onesHblo neveHn (HXBIM). Yckopsatowas TpeHnpoBKa (YT) npegnonaraet
AKTMBALIMIO CKEJIEeTHbIX MbILLL, 3@ CYET MOBbILEHHOTO rPaBUTALMOHHOIO YCKOPEHUSA C MOMOLLbIo BUGpaunu, 4To fenaeT ee peKoMeH-
[OBaHHbIM TepaneBTUYECKM BMELIATENbCTBOM.

LIEJ1Ib. Onpepenutb BIUAHNE COYETaHNA TPEHNPOBOK C YCKOPEHUEM CUJIbI TAPKECTU U @3POB6HbIX YNPa)kHeHWI Ha KaueCcTBO CHa U GYHK-
umto neveHu npu HXKBIM.

MATEPUAJIblI U METOAbI. B paHoOMN3MPOBaHHOM KOHTPO/IbHOM UCCIeA0BaHUMN NPUHANK yyacTue 60 nauymeHTok ¢ HXKBI B BO3-
pacte 35-45 net u3 6onbHMLbI 06Wero npodunsa Anb-LUpyk B Kavpe. YuacTHMKM 6b11v pacnpegeneHbl METOAOM Clly4YaliHoro otbopa
NMOPOBHY Ha [iBe rPyMnmbl: NaLuueHTbl rpynnbl A (KOHTPOSbHaA rpynna) nosiyyanu a3pobHble yNpaXKHeHUs, NauneHTbl rpynnbl B (3kc-
neprviMeHTanbHas rpynna) — TPEHUPOBKY C YCKOPEHWEM CUfbl TAXKECTU 1 a3POOHbIe YNPaXKHEHWA U BbINOJHANMN TPEXMeCAUYHYI0
nporpammy. [lo 1 nocne BMeLlaTenbCTB Ka4eCTBO CHa OLEHMBANOCh ¢ nomoubio MuTTcOyprckoro nHpgekca kadectsa cHa (MUKCQ),
bYHKLMA NeyeHn — nyTeM M3MEPEeHUs YPOBHSA NMevyeHOUYHbIX pepMeHTOB anaHUHTpaHcaMmurHasbl (AJ1T) n acnaptatTpaHchepasbl
(ACT) B KpoBWU.

PE3YJIbTATbI. Kak nokasatenu MNMNKC (p < 0,05), Tak 1 ypoBeHb GpepmeHTa AJTT Gbiiv 3HauUMTENbHO ynyulleHsbl (p coctasmn 0,005 n 0,006
COOTBETCTBEHHO) B rpynnax A 1 B nocne TpexmecauHol nporpammbl BMeLLaTenbcta. OgHako ypoBHU ACT B 06eux rpynnax n3meHu-
NNCb He3HauuTenbHo (p coctaBun 0,569 1 0,027 COOTBETCTBEHHO).

3AKJTIOYEHUE. CoyeTaHrie aapobHbIX YNpaKHEHWUI U C TPEHNPOBKaMK C YCKOPEHMEM CUJTbl TAXECTV MOXET MPUHECTU HanbonbLyto
KNUHMYeCKyto Nonb3y nauneHtam ¢ HXKbI.

KJTHOYEBDIE CJTOBA: HeankoronbHas xupoBas 601e3Hb NeueHu, TPeHNPOBKI C YCKOPEHMEM CHSIbl TAKECTM, a3POGHbIE Yrpax-
HeHVA, BUGPALIMA TeNa, KauecTBO CHa.

[Ana yutuposanua: Fahmy L.M., Abd-al Hady A.A., Ali A.A, Ali A.H., Abd-Elhaseeb G.A. Enhancing Sleep Quality in Non-Alcoholic Fatty
Liver with Combined Accelerated Aerobic Training: a Randomized Control Study. Bulletin of Rehabilitation Medicine. 2024; 23(3):14-20.
https://doi.org/10.38025/2078-1962-2024-23-3-14-20
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INTRODUCTION advanced NASH, which is identified by necroinflammation,

Non-alcoholic fatty liver disease (NAFLD) represents
a major contributor to liver disease globally, accounting
for 25-30 % of cases [1]. The numbers of Americans with
NAFLD and those with non-alcoholic steatohepatitis (NASH)
are anticipated to rise by 21 % to 101 million by 2030 and
by 63 % to 27 million, respectively. Inactivity is associated
with NAFLD onset and its development into NASH, with an
increased NAFLD risk by 4 % for every hour spent sedentary
[1]. Considering the absence of a pharmaceutical remedy
for NAFLD and NASH, lifestyle adjustments, including
exercising and dietary changes, have become the primary
focus of treatment [1]. The NAFLD encompasses a range
of clinic-pathologic diseases, from isolated fatty liver to

ARTICLES

hepatic fibrosis, and inflated hepatocytes [2]. Patients with
NAFLD were more prone to experiencing obstructive sleep
apnea, especially those exhibiting severe daytime sleepiness
[3]. Prior investigations could not determine the causal
relation relationship between sleep quantity and duration
and NAFLD. However, sleep disruptions could impact their
quality of life and probably impair their prognosis [4].
Although exercise can alleviate NAFLD regardless
of weight loss, the ideal exercise intensity and the
pathophysiologic processes remain unclear [5]. The best
way to cure NAFLD is to adapt to a more active lifestyle
because the present pharmacologic treatments are
ineffective. This enhances vascular endothelial function,
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lowers liver inflammation and hepatic steatosis, alters body
composition favorably, boosts cardiorespiratory fitness,
and may cause a histologic reaction [1]. The American
Association for the Study of Liver Diseases has suggested
exercise practice guidelines for managing NAFLD.
Nonetheless, they do not provide practitioners with
specific guidelines about the type or duration of exercise
[6]. Exercise reduces fatty acid synthesis, boosts fatty acid
oxidation in the liver, and lowers releasing molecules linked
to hepatocellular and mitochondrial damage. Despite
physical activity being proven efficacy for improving fatty
liver disease [7], the most efficient exercise protocol for
NAFLD remains unclear. However, most patients are unable
to consistently participate in exercise programs due to
experiencing early fatigue [8]. Aerobic exercise mostly
depends on the ability of the skeletal muscle to use oxygen
during aerobic respiration to create the energy source
adenosine triphosphate [9]. Aerobic training techniques
included optional gym workouts, treadmills, bicycles,
Nordic quick walks, and walking. Aerobic exercise has been
found to be a cost-effective and practical way to improve
NAFLD and address obesity effectively [10]. Therefore,
managing NAFLD requires at least 20 min of aerobic
exercise daily [11].

Because the most efficient way to induce positive effects
onthehuman body hasbeen thought to be through vertical
acceleration [12], AT, an innovative and simple whole-body
vibration (WBV) based rehabilitation exercise, has been
suggested as an intervention for managing NAFLD. The AT
is a training program conducted on a three-dimensional
vibrating platform that produces the vibration device

BECTHUK BOCCTAHOBUTENIbBHOM MEQULIUHBI | 2024 | 23(3)

in the sagittal (y), frontal (x), and vertical (z) directions
and incorporates different physical movements or static
postures customized for particular purposes. Moreover, AT
is beneficial for resistance exercise without requiring heavy
lifting or dynamic movements, especially for obese patients
struggling with joint pain during exercise [13]. Additionally,
AT can reduce visceral and abdominal fat, lower insulin
resistance, improve cardiovascular fitness, improve body
composition, improve activity of daily living (ADL), and
improve mood [14]. Furthermore, AT enhances physical
function and body adiposity in obese NAFLD patients by
lowering hepatic and intramyocellular fat contents, besides
improving abnormal liver function test results, constituting
a useful clinical approach in treating NAFLD [15].

Accordingly, we hypothesized that incorporating AT
exercises into aerobic training would enhance liver function
and sleep quality.

AIM

To determine the impact of incorporating AT with
aerobic exercise on sleep quality and liver function in
NAFLD.

MATERIALS AND METHODS
Study Design and Participants

Thissingle-blinded randomized controlled trial recruited
60 female patients with NAFLD aged 35-45 years from Al-
Shrouk General Hospital in Cairo. The study was conducted
between January 2022 and December 2023 and approved
by the Physical Therapy Faculty’s Ethical Committee at
Cairo University on 27.02.2022 (No: PT.REC/012/003658).

[ Assessed for eligibility (n = 70) j

|

Excluded (n = 10)

e 5 for higher BMI

e 4 for chest diseases

e 1 for neurological disorders

[ Randomized (n = 60) j

l

Group A (Control; n = 30)
e Received Aerobic exercise only

e Lost to follow-up (n = 0)
e Discontinued intervention (n = 0)

[ e Analyzed (n = 30)

Fig. 1. The study flowchart

Allocation

Follow up

Analysis

l

Group B (Intervention; n = 30)
e Received accelerating training
plus aerobic exercises

e Lost to follow-up (n = 0)
e Discontinued intervention (n = 0)

e Analyzed (n = 30) j
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The study objectives and potential risks were clearly
explained to the participants, who signed an informed
consent before participation.

The participants had a body mass index (BMI) of 35-
39.9 kg/m?, indicating class Il obesity. The NAFLD diagnosis
was determined by excessive food consumption or lack
of physical exercise, high serum alanine transaminase
(ALT) levels, and confirmed with ultrasound testing. This
study excluded patients using anti-diabetic or weight
loss medications, pregnant and breastfeeding patients,
and patients with liver disease, heart block or complex
ventricular arrhythmia, recent myocardial infarction,
cardiopulmonary dysfunction, cerebrovascular disorders,
vision or hearing impairments, psychiatric disorders,
neurological diseases affecting balance or cognitive
function (e.g., epilepsy), marked lower limb fixed deformity
or tightness, congenital or acquired lower limb deformities.
Each patient received lifestyle advice for NAFLD nutrition
and physical activity from a qualified dietitian and a medical
nutritional doctor. Figure 1 depicts the study flowchart.

Procedures

All participants underwent a physical evaluation
conducted by an experienced physiotherapist at the trial’s
commencement to assess their participation eligibility.
A survey was used to collect demographic information.
Each participant’s height and weight were measured with
an analog weight and height scale to calculate their BMI:
weight (kg) divided by the square of height (m?).

A coin flip was used to randomly assign participants to
groups A or B, with an equal chance of being allocated to
either group. A researcher who was unaware of the group
assignments observed the coin and then allocated the
patients accordingly.

Interventions
The AT Program

Group B received AT training plus aerobic exercise
through walking. Instructions for completing the AT
activities were given to each participant during the
initial visit prior to the program’s start. The training was
performed at a faster pace, according to Oh S. et al. [15].
The AT training was scheduled for 12 weeks, twice a week.
Thirty participants completed upper, lower, and whole-
body exercises on a vertical vibration machine (Super fit
massage VG 200B-SFM, China) using a protocol of three
phases: warming up, strength and power, and cooling
down. The sessions lasted 30 min in the first one and a half

Table 1. Comparison of subject characteristics

months and 40 min in the second one and a half months,
with a 30-S rest period in between each movement [15].
The phases of the training were conducted as the
following [15]: (1) Warming up phase: A stretching exercise
for 5 min including upper and lower limb and whole-body
stretching exercise (low mode, low amplitude, frequency:
16.5 Hz); (2) A strength and power phase: The first one-
and-a-half-month sessions included 20 min upper and
lower limb strength exercises and whole-body exercises
(moderate mode, low amplitude, frequency 20 Hz) and
the second one-and-a-half-month sessions included 30-
min upper and lower limb strength exercises and whole-
body exercises (high mode, low amplitude, frequency 22
Hz); (3) Cooling down phase: A stretching exercise of 5 min
including upper and lower limb and whole-body stretching
exercises (low mode, low amplitude, frequency: 16.5 Hz).

Aerobic Exercise

All participants in both groups were required to
complete aerobic training consisting of an electronic
treadmill (AC5000M, China) walking that lasted for three
days weekly for three months. Moderate aerobic training
involves a 10-min warm-up walking on the treadmill at
30-40 % HR max subsequent by 45 min of aerobic exercise
on an electronic treadmill with a heart rate maintained at
60-75 % of the maximum heart rate (MHR); the heart rate
was monitored by a link connected to the treadmill [16].

The workout program ends with a 10-minute cool-
down period walking on the treadmill at 30-40 % HR max
[16]. The Karvonen formula was employed to calculate MHR
for each participant as follows: MHR = 220 — age [17]. The
speed was adjusted according to target intensity.

Outcome Measures
Sleep Quality

The Arabic version of the Pittsburgh Sleep Quality Index
(PSQI), a five-minute self-administered questionnaire,
Arabic version as deployed to measure sleep quality pre-
and post-study. The PSQI consists of 19 separate items that
collectively create 7 components, resulting in a total global
score. A lower score indicates better sleep quality [18].

Blood Analysis

Blood samples,5mls were collected from the right median
cubital vein utilizing a small needle pre- and post-study while
the patient was fasting to measure aspartate transferase (AST)
and Alanine transaminase (ALT) using standard methods
(Autoanalyzer, Mindary BS 800, China) [15].

Group A (Walking)

Group B (Accelerating and walking)

Items T-value p-value
M = SD (n =30) M £SD (n=30)

Age, years 40.8+34 41.07 £3.3 0.306 0.760

Height, cm 159.2+5.9 157.8+5.2 0.977 0.333

Weight, kg 91.9+84 91.1+£6.6 0.459 0.648

BMI, kg/m? 36.2+1.3 366+1.5 1.105 0.274

Note: M — mean; SD — standard deviation; p-value — probability value; * — statistical significance of differences between

groups.
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Statistical Analysis

The software SPSS (Version 22; SPSS Inc., Chicago, Il
USA) was employed to perform all statistical analyses. The
demographic features of all participants in both groups
were analyzed utilizing the Independent Sample T-test.
Furthermore, MANOVA was deployed to determine the
differences between the groups pre-and post-intervention,
and pairwise comparisons were conducted to detect the
significant variations within groups. p < 0.05 indicated a
significant difference.

RESULTS

Table 1 indicates that the participant characteristics,
including age, height, weight, and BMI, exhibited a
nonsignificant difference between both groups.

Treatment Effects on ALT, AST, and Sleep Quality
Within-Group Comparison

Both AST and ALT levels and PSQ scores did not
significantly differ between both groups pre- or post-
intervention (p < 0.05). Furthermore, ALT had a significant
improvement of 8.1 % in group A and 6.9 % in group B.
Nonetheless, AST levels showed a nonsignificant change in
groups A and B, with 2.2 % and 5.7 % percentages of change,
respectively (Table 2). In addition, significant alterations of
PSQ scores (p < 0.05) were detected in groups A and B with
50.5 % and 63.5 % percentage change, respectively (Table 2).

Between-Group Comparison
The results indicated a nonsignificant difference
(p > 0.05) between groups pre-intervention. However,

BECTHUK BOCCTAHOBUTENIbBHOM MEQULIUHBI | 2024 | 23(3)

the post-treatment comparison of groups revealed that
sleep quality (p-value 0.037) and ALT levels significantly
improved in group B more than in group A. However, AST
levels exhibited a nonsignificant variation (p-value 0.076)
between both groups post-treatment (Table 2).

DISCUSSION

The primary finding of our research was that the sleep
quality was significantly improved in group A, which
received AT combined with aerobic training. During
the 12-week training session, liver enzymes decreased
significantly. However, group B, which performed aerobic
exercise without the AT, showed greater improvement
in ALT levels. Our results demonstrated nonsignificant
differences in all parameters between both groups
pre-treatment (p > 0.05). These results confirmed our
hypothesis that incorporating AT exercises into aerobic
training would enhance liver function and sleep quality.

Several clinical trials have validated the efficacy of
exercise intervention in treating NAFLD [18]. Although
aerobic exercise was not related to weight loss in terms
of its impact on ALT and AST, engaging in aerobic
activities for 8-12 weeks can enhance AST and ALT levels
in patients suffering from NASH or NAFLD. However, ALT
levels have been observed to be normal in various NAFLD
cases. Therefore, caution is advised when using AST and
ALT as alternative markers for distinguishing changes in
NAFLD resulting from exercise training [19].

Moderate-intensity treadmill training has been
revealed to significantly improve mean ALT and AST
levels in ten ultrasound-confirmed NAFLD patients from

Table 2. AST, ALT, and PSQI comparison within and between groups

Group B (Accelerating Comparison

Variables Group A (Walking) M £ SD and walking) M + SD between Groups
Pre-treatment 23+6.6 262+7.2 3.152 0.081
Post-treatment 225+7.1 247 +6.9 1.394 0.243

AST(UL)  change % 22% 5.7 %

2::::;3;::" 0.569 0.027

Pre-treatment 27364 30.3+6.8 3.142 0.082

Post-treatment 25159 282+73 3.258 0.076
ALT(UL)  change % 8.1% 6.9 %

‘c":f::;s:g:p 0.005° 0.006'

Pre-treatment 9.1£29 9.6+2.7 0.617 0.435

Post-treatment 45+1.38 34+15 4.551 0.037"
pPsal Change % 50.5 % 63.5%

Within-group p <005 p <005

Comparison

Note: AST — aspartate transferase; ALT — alanine transaminase; PSQI — Pittsburgh Sleep Quality Index; WC — waist; M —
mean; SD — standard deviation; MD — mean difference; p-value — probability value; " — significance; change % — percentage

of change.
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369+ 16.4and29.7 +9.0U/Lto24.4+7.2and 209+ 4.4
U/L, respectively [20]. The current findings support and
broaden the recent discovery by Hoseini Z. et al. [21] that
aerobic exercise significantly impacts liver lipid content
and can effectively reduce liver fat, promote weight loss,
and decrease liver enzymes (AST and ALT) and cholesterol.

Our findings align with earlier studies investigating
the effects of aerobic exercise on sleep quality and
duration in obese people, demonstrating improvements
in sleep quality, even without significant weight reduction
[22, 23]. Physical exercise can be a natural sleep approach
by boosting relaxation and lowering insomnia-related
hyperarousal. Engaging in physical activities enhances
sleep quality, cognitive performance, physical health,
and psychological well-being [24].

Our results align with the assumptions that various
exercise methods effectively impact liver function.
Physical activity was elucidated to be strongly linked to
decreased inflammation and improved steatohepatitis
and fibrosis in experimental models. Similarly, aerobic
and resistance exercises have been revealed to lower liver
fat, improve insulin resistance, and enhance blood lipids,
independent of weight reduction in human trials [25].

Previous clinical trials on NAFLD pathogenesis have
provided evidence supporting the beneficial effects of
AT by revealing that a 24-week WBV has improved liver
function tests, specifically AST and ALT. This suggests that
WBV is a beneficial exercise alternative for NAFLD patients
who struggle to participate in regular exercise [15].

Furthermore, Oh S. et al. [12] have shown that hepatic
fat content and intramyocellular lipid levels significantly
decreased through a 12-week program involving 20-
min aerobic training sessions twice weekly. Additionally,
AST (p = 0.29) and ALT (p < 0.05) levels were significantly
improved, possibly because of restoring insulin sensitivity
and reducing abnormal fat accumulation in the liver. This

can be accomplished by resolving adipokine imbalance,
which alleviates oxidative stress and inflammation in the
liver. Improvements in liver conditions were established
using abdominal tomography in obese patients with
NAFLD, showing changes in liver steatosis and stiffness
levels [12].

Consistently, Torres-Nunes L. et al. [26] have
manifested that WBV exercise can generate biological
changes that lead to significant physiological responses
in blood pressure, an expected result of physical activity.
Their results also indicated that central, mean, maximum,
and lowest temperatures increased 15 min post-
interventions. Additionally, WBV exercise induced slight
changes in muscle tone and several body composition
measures, accompanied by a positive change in the sleep
cycle. Limited scientific data supports the benefits of
AT for NAFLD patients, and the most effective exercise
therapy intensity and method remain uncertain.

Sagnificance & Limitations

Our study had several limitations. First, the absence
of post-training follow-up because the participants
were unavailable; last the limited research conducted
on AT and aerobic training in NAFLD, particularly on
different age levels. Therefore we recommended further
investigation into the effect of AT and aerobic training in
NAFLD utilizing a wide range of inclusion criteria, using
other evaluating methods (such as lipid profile) and a
larger sample size.

CONCLUSION

The study indicates that integrating aerobic exercise
with AT significantly enhances sleep quality scores and
enhances liver function test abnormalities in NAFLD
patients. Moreover, AT is a promising new strategy
expected to be used in therapeutic exercise programs.
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OCco6eHHOCTU CEHCOMOTOPHOrO PearMpoBAHUS CTYAEHTOB C PA3NUYHbIM
TUNOM OTHOLUEHMUS K 60Me3HU: NonepeyHoe UccnepoBaHme

[o6puH A.B.", ' EnbHukoBa O.E., "’ KonocoBa W.I.

®rbOY BO «Eneukuli 2ocydapcmeeHHsbIl yHugepcumem um. U.A. byHuHar, Eneu, Poccus

PE3IOME

BBEJEHUE. OpHol 13 KnioyeBbiX NCUXOPU3NONOrNYecKnx ocobeHHOCTel cybbeKTa, NoTepABLLIEro 340POBbe, ABMAETCA CEHCOMOTOP-
HOe pearmpoBaHue, oTpakatoLiee 0CO6eHHOCTI HeMPOMNIACTUYHOCTU 1 MO3BOJAIOLLEE MOHATb, HACKONIbKO YeNIoBEK CNOCO6eH aganTu-
poBaTbCA K U3MEHUBLUMMCS YCJIOBUMSAM KMN3HM, KOTOPble HeM36eXXHO HaKsaablBaeT 6one3Hb. B cBOI ouepefb, AOCTUXKEHME XKeNaeMoro
pe3ynbrata peabunuTaumm ctaHeT sddeKTUBHee, ey NPy NOCTPOEHUN PeabUNUTaLMOHHbBIX MeponpuaTUll OyaeT yUTeHO TO, Kak Ye-
NOBEK, UMEILLNIA T UMK MHble MPOBIeMbl CO 3I0POBbEM, OTHOCUTCA K CBOEMY M3MEHVBLUEMYCA COCTOAHNIO, TO eCTb ONpeaennTb THM
OTHOLEeHA K 601e3HN yUyacTHMKa peabunmTaLMoHHbIX MeponpusaTr.

LLEJIb. V13yunTb 0CO6EHHOCTM MPOCTOM 1 CIOXKHOWN CEHCOMOTOPHOW peaKkLmMm Y IOHOLEN 1 ieBYLIEK C Pa3fIMyHbIM TUMOM OTHOLLIEHMS
K 6onesHu.

MATEPUAJ U METO[bI. bbino o6cnenosaHo 160 ncnbityembix (cpeaHuin Bopact — 21 + 2,3 roga) 060ovx nonos. OCHOBHbIM KpUTepu-
em popMUpoBaHMA BbIGOPKM OblNl pa3HbIll YPOBEHb 3A0POBbA YUACTHUKOB NccefoBaHusa. OTOMPanncb pecroHAeHTbl, MMeloLme 2-10
1 3-10 rpynnbl 340P0BbA. [IMarHoCTrKa TUMNOB OTHOLEHWA K 60N1e3HN NPOK3BOAMAACh NPY MOMOLLM METOAMKM «Tvn OTHOLWeHWA K 60-
ne3Hu». Qrkcauma CEeHCOMOTOPHOIO pearvpoBaHNA NPOU3BOAMIACH NPU NOMOLLKM KOMMNbloTepHON MeToaukn PebOC, no3ssonsaioLen
bUKCMPOBaTb MPOCTYIO U CIIOXKHYH CEHCOMOTOPHYIO PeakLumio.

PE3YJIbTATbl U OBCYKOEHUE. BbisiBneHo, 4To B rpynre MCMbITyemblX NpeobnafaT rapMOHUYHBIN (25 %), aHO30rHO3MYeCKui
(10,6 %) v apronatnyecknii (20,6 %) TUMNbl OTHOLEHUA K 6one3Hu. Noka3aHo: 1) y MCNbITyeMbIX C aHO30rHO3MYECK/M TUMOM CaMast Bbl-
coKasa TOYHOCTb MPOCTOM CEHCOMOTOPHOW peakumm (—=0,12 + 0,12) no cpaBHEHWIO C ABYMA APYTIMUY BbIABNEHHBIMU TUMaMN OTHOLLEHUA
K 6one3Hu (p < 0,05); 2) y UcnbITyeMblX C aHO30rFHO3MYECKM TUMOM CaMble HU3KMe 3HAaYeHUA CPeHEro BPeMEeHM BbIMOIHEHMNS CITOX-
HOW CEHCOMOTOpPHOW peakumm (361,51 + 31,14) Nno cpaBHEHUIO C UCMLITYEMbIMM C FAPMOHWYHBIM (386,19 + 32,18) n apronatnyeckmm
(396,50 + 50,05) TiNamu OTHOLIEHKA K 6one3Hy; 3) kavecTso (R = 0,299, R = 0,090 npwu p = 0,020) 1 TouHoCTb (R = 0,293, R = 0,086 npun
p =0,023) NpoCTO CEHCOMOTOPHOW pPeakuuy BAUAIOT Ha TUM OTHOLLUEHNA K O0Ne3HN.

3AKJTIOYEHUE. Y ncnbiTyemblX C pasfvyHbIM TUMOM OTHOLLUEHNWA K 6051e3HN 0COBEHHOCTU CEHCOMOTOPHOIO PearnpoBaHnsa OTINYaLoT-
ca mexay coboit. Hanbonee 3¢peKTMBHO BbIMONHAT CEHCOMOTOPHbIE PeakLnn UCMbITyeMble C aHO30MHO3MYECKNM TUMOM OTHOLLIEHNS
K 6one3Hu. Tvin oTHoLWeHUA K 60ne3HU 1 NapaMeTpbl CEHCOMOTOPHOTO PearvpoBaHUs, Tak/e Kak KaueCTBO M TOYHOCTb NMPOCTON CEHCO-
MOTOPHO peaKkLuuu, CBsi3aHbl APYr C APYrOM.

KJTHOYEBDIE CJTIOBA: ceticomoTopHOoe pearnpoBaHiie, HelponnacTUUHOCTb, TUM OTHOLIEHMSA K GOMIE3HI, TOPMO3HbIN KOHTPOSIb.

Lna yntnposanHus / For citation: [Jo6pvH A.B., EnbHukoBa O.E., Konocosa W.I. Oco6eHHOCTM CeHCOMOTOPHOMO pearnpoBaHna CTyAeHTOB
C Pa3fIMYHbIM TUMOM OTHOLLEHUS K 60se3H: NornepeyHoe ncciefoBaHme. BeCTHK BOCCTaHOBMTENbHON MeanumnHbl. 2024; 23(3):21-31.
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Features of Sensorimotor Response of Students with Different Types
of Attitude to the Disease: a Cross-Sectional Study

Alexander V. Dobrin®, =) Oksana E. Elnikova, ‘2’ Irina G. Kolosova

Bunin Yelets State University, Yelets, Russia

ABSTRACT

INTRODUCTION. One of the key psychophysiological features of a subject who has lost his health is sensorimotor response, reflecting
the features of neuroplasticity, and allowing us to understand how much a person is able to adapt to the changed living conditions
that the disease inevitably imposes. In turn, achieving the desired result of rehabilitation will become more effective if, when building
rehabilitation measures, it is taken into account how a person with certain health problems treats his changed condition, that is, to
determine the type of attitude to the disease of a participant in rehabilitation measures.

AIM. To study the features of simple and complex sensorimotor reactions in boys and girls with different types of attitudes to the
disease.

MATERIAL AND METHODS. 160 subjects (average age — 21 + 2.3 years) of both sexes were examined. The main criterion for the
sample formation was the different level of health of the study participants. Respondents with 2 and 3 health groups were selected.
The diagnosis of the types of attitude to the disease was carried out using the “Type of attitude to the disease” technique. The fixation
of the sensorimotor response was performed using the Rebus computer technique, which allows recording a simple and complex
sensorimotor reaction.

RESULTS AND DISCUSSION. It was revealed that harmonious (25 %), anosognosic (10.6 %) and ergopathic (20.6 %) types of attitude
to the disease predominate in the group of subjects. Shown: 1) subjects with anosognosic type have the highest accuracy of a simple
sensorimotor reaction (—0.12 + 0.12), compared with the other two identified types of attitude to the disease (p < 0.05); 2) subjects
with anosognosic type have the lowest values of the average execution time of a complex sensorimotor reaction (361.51 + 31.14),
compared with subjects with a harmonious (386.19 + 32.18) and ergopathic (396.50 + 50.05) type of attitude to the disease; 3) the
quality (R=0.299, R? = 0.090 at p = 0.020) and accuracy (R = 0.293, R? = 0.086 at p = 0.023) of a simple sensorimotor reaction affect the
type of attitude to the disease.

CONCLUSION. In subjects with different types of attitude to the disease, the features of sensorimotor response differ from each other.
The most effective sensorimotor reactions are performed by subjects with an anosognosic type of attitude to the disease. The type
of attitude to the disease and the parameters of sensorimotor response, such as the quality and accuracy of a simple sensorimotor
reaction are related to each other.

KEYWORDS: sensorimotor response, neuronal plasticity, type of attitude to disease, inhibitory control.
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BBEAEHUE

Mangemua COVID-19 nepeBena onpefeneHHble LeH-
HOCTW B paHr Hanbonee 3HauyMMbIx 1 obcyxaaembix. M op-
HOW M3 TaKunx, 6e3ycioBHO, ABNAETCA 3a0poBbe [1-4]. Co-
rMacHO AaHHbIM aHanuTMyeckoro yeHTpa HAOW, «3popo-
Bbe BXOAUT B TOM-3 K/IOYEBbIX LLEHHOCTEN POCCUAHY», MPW
3ToMm 35 % yyacTBOBaBLLEro B ONMPOCe HaceneHna yKasbl-
BalOT Ha YXyALLEeHne CBOEro 340p0BbA 3a NOCNEfHNN rog,
a 14 % nmeloT MHBANNAHOCTb U CEPbe3Hble MPobeMbl,
TpebytoLle NOCTOAHHOro neveHusa [5, 6]. NpuBeneHHble
JaHHble He YHUKalbHbl WU He ABNAIOTCA €AUHUYHbIMU:
TaK, MeXancumnianHapHbIA LEHTP UCCIeaoBaHNN obLe-
CTBEHHOro 3g0poBbA CeyeHOBCKOro YHMBepcuTeTa Nog-
roTOBMA HaLMOHANbHbI MOHUTOPUHI OO6LLECTBEHHOIO
3[,0pOBbA, pPe3ynbTaTOM KOTOPOro CTafno yTBepXaeHue
0 TOoM, UTo 70 % pOCCUAH OTMeyaloT y ceba Te unn nHble
npo6nembl Co 30poOBbeM [7].

Bce BbllwecKasaHHoe ybeamnTenibHO AOKa3blBaeT 3Ha-
YMMOCTb NPOBGEMbI HE TONIbKO COXPaHEHUs, HO U BOC-
CTaHOB/EHUA 3[0POBbA, KOTOPOE ObINO YKe MOoTePSHO.
Ocob6eHHO OCTPO fAaHHasA 3agaya CTOWUT Mepep chneuyu-
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anucTamy, 3aHMMalWuMnUca peabunutaunen Monopo-
ro HaceneHusa Poccun [8], B 4acTHOCTM Nu1L B BO3pacTe
oT 17 po 21 roga, OTHOCALMNXCA COrMacHO BO3pPacTHOM
nepuoamn3aunmn NCUXNYECKOro pa3BuUTUA K IOHOLLIECKOMY
Bo3pacTy [9]. imetoTca uccnegoBaHus, yoeantenbHo fo-
Ka3blBaloLe Hannume TeHAEHUNN «OMOSIOXKEHUS» 6ONb-
wrHcTBa 6onesHen [10, 11]. Takum obpa3om, CTaHOBUTCA
OYEBMAHBIM, YTO C YYETOM aKTyasibHbIX peanunii Ha Teky-
WMA MOMEHT CTOMT 06pPaTUTb MPUCTasibHOE BHMMaHMe
Ha Heob6XOAMMOCTb BOCCTAHOBNEHMA (peabunutaymmn)
MOMNOAbIX Jtofen, NOoTepABWNX 3[40POBbe MO TeM WK
MHbIM NprymHam. To ecTb NpobaiemMa 0603HaYeHa 1 oye-
BUHA — COBPEMEHHaA MOJSIofeXb, KaK NpaBusio, He3ao-
pOBa, 1 TeNepb yXe He CTOJNb BaXKHO pa3burpaTbca B Npu-
UYMHaX, NPUBEALMX K TAKOMY NMOSMOXKEHWI0, BaXKHO MOHATD,
KaK COXpaHUTb TOT YPOBEHb 340P0BbA, KOTOPbIN MMeeTCA
Ha TeKYLNIA MOMEHT, U NPeANPUHATL NOMbITKY BOCCTa-
HOBUTb NOTEPAHHOE 310POBbLE.

Kak mM3BecTHO, BOCCTAHOBJIEHME MOC/e MepPeHeCceH-
HOro 3abonieBaHVA, CHUXEHME pPUCKA BO3HUKHOBEHUA
3ab0neBaHUI OCyLWEeCTBAAETCA NOCPEACTBOM KOPPEKL M-
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OHHbIX, 03[0POBUTENbBHO-PEabUNNTALMOHHBIX Meponpu-
ATmi [12]. W gna Toro uto6bl ycnewHo NpoBoAUTbL 03A0-
pOBUTENbHO-peabnnMTaLNOHHbIE MepPonpuUATUA, Heob-
XOAUMO YUMTbIBaTb PAL YC/IOBUIA, COBNIOAEHNE KOTOPbIX
TpebyeTcA ANA AOCTMXEHWA OXMAAEMOro pesynbTaTa.
OcTaHOBMMCA NMLWb Ha HEKOTOPbIX N3 HUX, Hanbonee ya-
CTO ONUCbIBAaEMbIX B UCCNIeAOBAHNAX, MOCBALIEHHbIX AaH-
HOW TemaTuKe. 3TO U HeobXOAUMOCTb NoAdepP)KaHUA XO-
powen ¢pusmyeckon Gopmbl, 1 340POBbIN 06pa3 XKU3HMK,
1 cbanaHCMpoOBaHHOE NUTaHKe, N pAd Apyrux. Tak, K npu-
Mepy, 6onbloe 3HaueHne yaenaeTca cucTeMaTuyeckum
dusnyecknum ynpakHeHusm [13-16], uto, 6e3ycnoBHoO,
BaXHo. Tem He MeHee nopgepxaHue v pas3sutre Gusn-
yeckon GopMbl ABNAETCA He eAUHCTBEHHbIM GaKTOpOM,
KOTOPbII HEOO6XOAUMO YUeCTb NPU NMOCTPOEHMM peabu-
NUTaLMNOHHbBIX MeponpuATUn. 13BecTHO, 4YTo nccnegoBa-
HUe BANAHMNA NCUXONOTNYECKOrO COCTOAHNA Ha TeueHne
60ne3HN 1 npoLecc BbI3AOPOBNEHNA MMeeT CBOK A0-
CTaToOyHO AnuTenbHyto uctoputo [17]. Takum obpasom,
Mbl CYUMTaeM, YTO He MeHee Ba)KHbIM ABNAETCA yyeT ncu-
XONOrMYecKkmx 1 Ncnxodr3monormnyecknx ocobeHHocTemn
nofen, NoTepABLINX 3J0POBbeE.

Mcuxonornyeckne oco6EHHOCTM BKIOYAKOT OTHOLLE-
Hue YyenoBekKa K cUTyaumm notepu 340poBbA. locTaTouHO
YacTo C noAbMM, OTpakaloLWmMK y ceba CUMNTOMbI TOrO
unu MHoro 3aboneBaHuA, NPOUCXOHAAT [OCTAaTOYHO Ce-
pbe3Hble U3MEHEHNA VMEHHO MCUXONIOrMYeckoro poga.
[laHHble N3MeHeHuA B MOBefeHMN, peakunax yenoBeka
MO>XHO NpocneanTb 1 3adpUKCMpPOBaTb B XOA4e aHann3a Tu-
NoB OTHOLWEHUs K 6one3Hun (OKB). ImeHHO cBOeBpeMeH-
HaA AMarHOCTMKa OTHOLIEHNWA K HaNMUMI0 y YenoBeKa 3a-
60neBaHNA NO3BOINT NMOHATb, Kak 3a60neBLNN OTHOCUT-
CA K CMTyauumu noTepu 340POBbA, UMEET NN OH XenaHue
COTPYAHMYaTb C Nevaliym Bpayom 1 6pocuTb BCe CUbI
Ha 60pbby C 60oNe3HbI0. A TaKXKe BbIUNEHUTb TaKMX, KTO
MblTaeTCA BbITECHUTb MbIC/IM O HaMYUU TOFO U UHOTO
3aboneBaHUA «3arpyKeHHOCTbIO Ha paboTe» UM mbicna-
MW O TOM, UYTO OllyLjaeMble CUMMTOMbl HE3HAUYUTESbHbI.
Ha Haw B3rnag, noHMMaHVWe AaHHOrO acnekTa No3BonuT
60nee NPoAyKTNBHO BbICTPOUTb NpoLecc peabunmTtayuu,
TaK KaK MO3BOJIUT OLE€HUTb, KOHCTPYKTUBHOWM N ABNAET-
cA mopJesnb NMOBeAeHNA B CUTyaL MM NoTepy 340P0BbA UK
HeT.

OfHoM 13 KNoueBblX NCUXOPU3MONOTrMUYeCKnX OCo-
6eHHOCTell cybbeKTa, MoTepABLUEro 3[0POBbE, MOXHO
cuMTaTb CEHCOMOTOPHOE pearnpoBaHie, Bblpaxatolyee-
cA B 0COOEHHOCTAX CEHCOMOTOPHbIX PeakUnii, oTpaxa-
towee 0CO6EHHOCTU HenponnacTuiHocth [18, 19] u no-
3BONIAOLLEe MOHATb, HACKObKO YenoBek cnocobeH nepe-
CTPOUTbCA, afanTUPOBaTbCA K U3MEHVBLUMMCA YCIIOBUAM
MU3HW, KOTOPble HeN36eXHO HaknaabiBaeT 601e3Hb.

M3BeCcTHO, YTO NNACTUYHOCTb HEPBHOWM TKaHW NEXUT
B OCHOBE HelpOHaNbHbIX MeXaHN3MOB NaMATU N Hayye-
Hua [20], KoTopble MO3BONAIOT OPraHM3My B YCNOBUAX
NoBpeXAeHna, B TOM YuCie U LEeHTPanbHOW HepBHON
cnctembl (LUHC), apantmpoBatbCa K M3MeEHAOWMMCA YC-
nosuaAm cpegbl [19, 21-24]. Npn 3TOM MexaHN3Mbl Hayuye-
HWUA, NPYMeHAeMble B COBPEMEeHHbIX Hellpopeabunurta-
LMOHHbIX TEXHONOIMNAX, BCE WMPE MUCMNOMb3YIOT METObI,
HanpaBfieHHble Ha CEeHCOMOTOPHYI TPEeHUPOBKY (task-
oriented approach) [25, 26], KoTopas B TO »ke BpeMaA ABNA-
eTcA ofHM 13 GaKTOPOB CpeAbl, OKa3biBaOWUX BANAHNE
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Ha ¢usnonornyeckne MexaHu3smbl HerNpPonIacTUYHOCTU
[22, 23, 27, 28], KOTOpble CNOCOBCTBYIOT YCMNELHOCTN BOC-
CTaHOBUTENbHbIX MeponpuaTun [29, 30].

Takum obpa3om, aHanm3 nuMTepaTypHbIX NCTOYHNKOB
Nno3BonAeT NPeAnonoXnTb, YTO Cleunannct, 3aHnumato-
LWMIACA BOCCTAHOBNEHMEM 3[0POBbA N0feln, MMELMX
Te WU NHble AMarHo3bl, ANA JOCTUXEHUA XKelaeMoro pe-
3ynbTaTa peabunuTaummn JOMKEH yYnTbiBaTb TO, Kak Ye-
NOBEK OTHOCUTCA K CBOEMY M3MEHMBLUEMYCA (3a4acTylo
KOpeHHbIM 06pa3om) COCTOAHUIO, TO eCTb OnpeaennTb
™mn OKB yyacTHMKa peabunutauMoHHbIX MeponpuATun,
a TaKXe OLeHWTb cTerneHb FOTOBHOCTW afanTMpoBaTb
CBOI0 XW3HW K ycrioBumAm 6onesHu [17]. B cBoto ouepefpb,
nuTepaTypHble AaHHble CBUAETENbCTBYIOT O Ba)KHOCTU
NMOHMMaHWA TOro, HACKOMIbKO MacTUYHa HepBHaA cUCTe-
Ma YyenoBeKa, NoTepABLIEro 340POBbe, U, B YaCTHOCTH,
BbIABNEHNA 0COOEHHOCTe CEHCOMOTOPHOIO pearnpoBsa-
Hua [22, 27].

Takum o6pa3om, Mbl Npenonaraem, Yto yyeT onumcaH-
HbIX BbIle MCUXONOTNYECKNX N NCUXODN3NONOrNYECKNX
XapaKTePUCTMK CyObeKkTa NO3BONUT BbICTPOUTb 03[40PO0-
BUTENbHO-peabnnmTaLnoHHble MeponpuATA c bonbLuen
30 EeKTUBHOCTDIO.

Tunome3sa uccnedoeaHus

MpepnnonaraeTca, YTO Y UCMbITYEMbIX C Pa3fIMYHbIM TH-
nom OKB 6yayT BbiABNEHbI OTIMYaOLWMECA MeXAY coboi
0COBEHHOCTN CEHCOMOTOPHOIO pPearnpoBaHns, KOTopble
06ycnoBfieHbl aKTUBHOCTbIO AePONTHOM CUCTEMbI MO3-
ra, oTpakatowen aganTaunio K COXMBLLENCA CUTYyauunm,
N NPOABRAIOTCA B CHMXEHUN aKTUBHOCTU TOPMO3HOFO
KOHTPOJIA 1 MNNOXMM pe3yNibTaTaM BbINMOHEHNA CEHCOMO-
TOPHOWN peakuuun y NUCMbITyemblX, OLleHUBaLWNX 06bek-
TUBHO COCTOAHME CBOErO 340POBbA.

LUEJb

MN3yunTb 0COBEHHOCTM MPOCTON W CIOXHOW CEeHCO-
MOTOPHOW peakLunmn Y IHOLWEN U AeBYyLIEK C Pa3INYHbIM
Tnom OKB.

MATEPUAJIbl U METOAbI

B wccnepoBaHum npuHAnm ydvactme 160 umcnbiTye-
MbIX. B KauecTBe pecnoHAEHTOB BbICTYNUAN CTYAEHTbI
Eneukoro rocygapcteeHHoro yHusepcuteta um. N.A. by-
HUHa (cpepgHuit Bo3pacTt — 21 + 2,3 roga) o60Mx NosoB..
OcHoBHbIM KpuTeprem GopmMMpoBaHMA BbIGOPKKU Obin
pa3HbIl YPOBEHb 340POBbA YYaCTHUKOB NCCIef0BaHNA.
NccnepoBaHne nmeno gse «cepumn». OCHOBHON 3afayen
nepBon, NpeaBapUTENbHON, «CepUn» ObINO BbIABNEHNE
IOHOLEN 1 AeByLlleK, UMeloWnX Te Uan nHble Npobnembl
Co 3g0poBbeM. B pamKax faHHOW ceprn Hamm Obio Npo-
BeleHO ,06POBONbHOE aHKeTMPOBaHKe, B Xofe KOTOpPO-
ro y y4aCTHUKOB UCCIe[0BaHNA BbIACHANCA UX YPOBEHb
3p00poBbA. Bonpocbl 6b1nn cnegytollero xapakrepa: «OT-
HocuTe N Bbl cebA K KaTeropum 340pPOBbIX UM K KaTe-
ropun GONbHbIX M Moyemy?». PecnoHAeHTOB MpOCKn
obocHoBaTb CBOW OTBeT. BTopbim 3Tanom nepsou cepuu
Obla1 C VX MUCbMEHHOrO COrflacA aHanu3 MeauLNHCKNX
KapT YYaCTHUMKOB WCCNefoBaHWA, NPOBOAMMbIN Meau-
LUHCKMM paboTHUKOM 06pa3oBaTefibHOM opraHmM3aunu,
N pe3ynbTaTOM KOTOpPOro 6blfa aHOHMMHaA dukcauma
rpynnbl 340POBbA B MaTepmanax nccnegosaHua. Fpynnol
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pecrnoHAeHTOB ANA NocnefyoLero nccnegoBaHna 6oinm
cbopmMrpoBaHbl B COOTBETCTBUM C Fpynmnammn 340poBbsA,
BbIABNEHHbIMW B XOofe AucnaHcepmsaumm un 3adukcu-
POBaHHbIMU B MeAMUMHCKUX KapTaxX COrnacHoO Mpukasy
MwH3gpaBa Poccum ot 27 anpena 2021 r. 3a N2 404H'. inAa
6onbluel JOCTOBEPHOCTY JaHHble MeJULMHCKUX KapT CO-
OTHOCWIIUCb C pe3ynbTaTaMu aHKeTUPOBaHUA (pa3nuuunii
B CaMOOL|EHKe YPOBHA 340pOBbA N AAaHHbIMU MeOUNLNH-
CKMX KapT BbIAB/IEHO He 6bino). OT6upanmcb pecnoHaeH-
Tbl, UMeloLme 2-10 1 3-t0 rpynnbl 340poBbA. [JanbHenwasn
[AVarHoCTrKa NPOBOAMNAach TONIbKO Ha yYaCTHMKax nccne-
[OBaHUA, UMeLWNX Te UK UHble OTKIOHEHNA B 340pPO-
Bbe. [1pn 3ToM Ho30n0rMA 3aboneBaHNA He yunTbiBanachb,
TaK Kak Lenblo Hallero nccnefoBaHua 6bin yyet ceHco-
MOTOPHOrO pearmpoBaHUA Y MONOAbIX Ntofeln C pasHbiM
Tnnom OKB. Mbl npugepxnBaemca TOUukM 3peHusa Ms-
cnwesa B.H., B pamkax Kotopoit goka3saHo, uto tun OKbB
MMeeT NCUXONornmyeckyto npupopy 1 He obycnoBsieH Ho-
3onorueli 3abonesaHna, O4HUM M3 KnoyeBbliX pakTopoB
dbopmMrpoBaHMA JaHHOTO NCUXONOTMYECKOro KOHCTPYKTa
ABnAeTcA cam $akT nepeHeceHNA YenoBEeKOM TOro unu
MHOro 3aboneBaHusA, TO, UTO YeSIOBEK MMEN OMbIT «MOrpy-
XeHna B 6onesHb» [31].

IOnarHoctnka Tunos OKb npownssogunacb npu nomo-
WK MeToanKu «Tun oTHoleHuA K 6one3Hn» (TOBOJT) [31].
Kak n3BecTtHO, Npu MoMoWmM AaHHOWN METOAUKNA MOXKHO
AnarHoctupoBatb Tun OKB, uTo no3BonAeT BbIABUTb UC-
NbITyeMbIX, NMELWMNX HanpaBieHHOCTb KOHCTPYKTUBHO
OTHOCUTBbCA K CMTyauMu noTepu 300POBbA W XKenaHue
COTpyfAHMYaTb C Nleyalmm Bpayom, 6pocuTb BCe CUb
Ha 60pbby C 60Ne3HbI0. A TaKXKe BbIUNEHUTb TaKUX, KTO
MblTaeTCA BbITECHUTb MbICIY O HaMYUKU TOFO U UHOTO
3aboneBaHUA «3arpyKeHHOCTbIO Ha paboTe» UM mbicna-
MW O TOM, YTO OLyLlaeMble CUMMTOMbI HE3HaUMTeNbHbl.

YyeT [daHHOro MNCUXOJIOFMYECKOrOo KOHCTPYKTa Mo-
3BONMT afanTUpoBaTb MOTeHUManbHyl peabunutaumio
C YYeTOM OTHOLUEHMA YenoBeKa K CUTyaLumn notepu 340-
poBbA.

OurKcauma CEHCOMOTOPHOTO pearnpoBaHnNA MPON3Bo-
annacb Npu NomoLlm KomnbloTepHon meTtoaukm PebOC
[32]. Janee npuBegem onncaHne AMarHOCTMYECKON Npo-
Leaypbl MccnefoBaHUA.

[laHHaA MmeTofMKa MO3BONANa OLUEHUTb pesysbTa-
Tbl BbINOJIHEHNA 3afaHWIA NpocTon (Mapagurma go/go)
MU CnoXHomn (napagurma go/go M go/no-go) CeHCOMO-
TOPHbIX peakuunin. ITa MeTOAMKa BKIOUana Tpu cepuu.
B cepny TPEHWHIOB UCMbITYEMOro NPOCUIN Ha)kaTb Kia-
BMLY npobena Kak MOXKHO ObiCcTpee, Korga Ha 3KpaHe
KoMnMbloTepa NoABAANCA KPYr Nob6oro LseTa. Taknx Kpy-
ro 6bi10 8, KenTble, KPacHble, 3efieHble U CUHUE KPYTK
1 NOABNANNCH Yepe3 paBHble NPOMEXYTKN BpemeHu. ITa
cepus 6bina HeobxoaMMa SKCnepuMeHTaTopy, UTo6bl ybe-
OWTbCA, UTO UCMbITYEeMbIN NOHAN MHCTPYKLUMIO. B nepBon
cepuu oueHMBanacb NpPocTas CEHCOMOTOPHaA peaKkuus.
Kpyru Tak»ke 6b1nn pa3HOro LBeTa, MHCTPYKUMNA He MeHA-
nacb Mo OTHOLLEHWIO K CEPUM TPEHUPOBOK. Bcero 6bino
128 KpyroB, Tak UTo y UCMbITyeMOoro BbipaboTanacb peak-

" lpuka3 MuHucmepcmea 30pasooxpareHus Poccutickot ®edepayuu
om 27.04.2021 N° 404H «O6 ymeepxoeHuu [lopadka nposedeHus
npogunakmuyeckozo MedUYUHCKO20 OCMOmMpd u oucnaHcepusayuu
onpedesnieHHbIX 2pynn 83pOC/I020 HACENEHUSAY.
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LMA Ha Kaxk[oe npeabABneHve cTumyna (napagurma go/
go). Bo BTOpON cepun, rae Takke Obinu NpepcTaBeHbl
128 KpyroB pa3HoOro LBeTa, UCNbITYeMbI AOSIXKeH 6bln OT-
pearmpoBaTb Ha BCe KPyru, Kpome KpacHbIX (napagurma
go/no-go). B aTon cepumn oueHnBanacb CIoXHasa CeHCo-
MOTOpPHaA peakuma — OCOOEHHOCTU TOPMO3HOIO KOH-
TPONA UCAbITyEMbIX.

Bropaa n TpeTba cepumn cocToAnn 13 ABYX UAEHTNY-
HbIX YacTewn, 0 YeM UCMbITyeMoMy He cooblianock. Mpea-
nosaranocb, YTO €C/In BTOPYIO YacTb CEPUN UCMBITYEMbIN
BbINOJSIHAET Nlyylle, YemM NepByto, TO OH MHTYUTMBHO YNO-
BMJ1 3aKOHOMEPHOCTb MOTOKa CTUMYOB, €CIN Pas3nyuni
HeT, UCMbITyeMbIl He CMOT YNIOBUTb 3TY 3aKOHOMEPHOCTb.

CraTncTnyecknn  aHanm3 MNOJyYeHHbIX pesynbTa-
TOB MpoBOAMACA Npu nomowmy nporpammbl IBM SPSS
Statistics, Bepcua 22.0.

[nAa oueHKn pasnuumin mexay ABYMA He3aBUCHMMbIMU
N HeCBA3aHHbIMU MasibiMK BbIGOPKaMKy MO YPOBHIO MCCIie-
AyeMmblX MapaMeTpoB NCMONb30BaNnN HenapaMeTpuyecKun
U-kputepuin MaHHa — YWUTHU, KOTOpbI He TpebyeT Hanu-
4YnA HOPMaNbHOroO pacnpeaeneHna CpaBHYBAEMbIX COBO-
KYNMHOCTEN, a TakXKe KONMYeCTBEHHOro paBeHCTBa BblOO-
pok. U-Kpntepuint MaHHa — YUTHU MOXeT UCMOb30BaTbCA
O1A BbIABNEHWA Pa3Nnuuin Mexay BblbopkamMu C MasibiM
YMCNOM 3HAUYEHUN NPU3HAKa: B Ka>KAOW 13 BbIOOPOK JOIK-
HO 6bITb He MeHee 3 3HauyeHWi. Bzaumocsaszn mexay nc-
cnefyembiMM  nNapameTpamun onpegenany nocpeacTsom
NIVHENHOrO perpeccroHHOro aHanusa. JInHenHaa perpec-
CUA NO3BONMMAA BbIABUTb KO3OOULMEHT AeTepmuHaLmm
npusHaka (R), a Takxe NpouUeHT AUCnepcun 3aBUCMMON
nepemMeHHol, 0ObACHAEMbIN M3MEHEHMEM He3aBUCMMON
nepemeHHon (R?). Pa3nuuma n cBA3M cumMTanu ctatmctuye-
CKM 3HAYMMbIMM NPY YPOBHe 3HaunmocTn p < 0,05 [33].

PE3YJNIbTATbl U OBCYXOQEHUE

B xope gnarHocTukm nokasaHo, uto n3 12 tunos OKB
Hambornee 4acTo y y4acTHWKOB UCCIefOBaHNA BCTpeYa-
I0TCA 3 TMNa: rAPMOHUYHBIN — 25 % (n = 40), aHO30rHO-
3nyeckunn — 10,6 % (n = 17) n spronatnyeckuin — 20,6 %
(n = 33). CornacHo MCUXONOTMYECKON MHTepnpeTauunm,
npefcTaBneHHONn B MeToauKke «TUM OTHOLEHUA K 60-
Ne3HU», FAPMOHMNYECKUIA TUM XapaKTepu3yeTca Cnocob-
HOCTbIO YyesloBeKa cobntogaTb npeanucaHne n BbiMon-
HATb BCe TpeboBaHWA MeAULMHCKOro nepcoHana. Ecnm
y MCMbITYEMOro AMarHOCTMPYeTCA 3pronatuyecknn Tmn,
TO 3TO YKa3biBaeT Ha ciiefyloLyo Mogenb noBegeHnsa —
YyenoBEK OTBEpPraeT MbIC/lb O Hanuumm y Hero 3abone-
BaHWA, BbITECHAA ee yTBEPKAEHNAMU, YTO HeOOXOAMMO
paboTatb. Takme noan BO YTO Obl TO HM CTaNo CTPEMAT-
CA COXPaHUTb CBOW MPOdECCUOHaNbHbIN CTaTyc, U36u-
paTenbHO OTHOCATCA K HeobxoauMmocTu o6cnefoBaHUA
1 nevyeHwus. NpeactaBuTeNN C aHO30THO3NYECKUM TUMOM
yalle BCero oTbpachiBaloT MbIC/ib O TOM, YTO T€ WU HbIe
CYMNTOMbI YKa3blBalOT Ha Hanuuume y Hero 3abone.a-
HuA [31].

Taknm 06pa3om, MOXHO cfenaTb BblBOA, UYTO K KOH-
CTPYKTUBHOMY MoBefleHnt0 ¢ 6onbluei fosieit BepoAT-
HOCTW MOXHO OTHeCTV rapMoHuyYHbIn Tvn OKB, uto noga-
TBEpPXKAaeTCcA UCCef0oBaHMAMY, NOKa3blBaOLWMMM CBA3b
OKB ¢ ncuxonornyecknm 6Gnarononyyvem mnayneHTa
N gaxe C KIMHUYECKUMUN XapakTepucTukamm 3abone.a-
HuA [34-36].
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B cBolo ouepepb, Hawwy faHHble COMNacyloTca C UC-
cnefoBaHUAMYK, B KOTOPbIX MOKa3aHO, YTO He3aBMCMMO
oT 3aboneaHua OKb aBnseTca ogHUM 13 Begywumx dak-
TOPOB, oNpefenAWmnX Ka4ecTBO XU3HN 1 SMOLNOHaNb-
Hoe cocTosaHMe naumeHToB [37-39]. MNMpn 3TOM HeraTus-
HOe OTHOLEeHMe K 3aboneBaHunIo, B TOM YMCIIe U SMOLMO-
HanbHOe, CBMAETENbCTBYET O HECMOCOOHOCTM MaumneHTa
NCUXONOTMYECKN afeKBaTHO nepepaboTaTb cUTyauuio,
CNOXMBLUYIOCA B yCN0BUAX 3aboneBaHna, UTo B pe3ysbTa-
Te NPUBOAMUT K yXYALWeHNo G3MYeCcKoro caMovyBCTBUA
nauuneHTa, Torga Kak 06bekTUBHOEe COCTOsIHME He Bceraa
COOTBETCTBYET TakoMy camooLlyueHuto [40].

[anee 6bin0 NpoBefeH aHanM3 MNPOCTON U CIOXHOWN
CEHCOMOTOPHON peakLuu Y IOHOLWEeN 1 AeByLleK C pas-
nnyHoiMm Tunom OKB. Bbinn BbifiBNEHbl CTaTUCTUYECKne
3HauYMMble Pa3NNYMA TOYHOCTU NPOCTON CEHCOMOTOPHOW
peakuunm y UCNbITyeMbIX C aHO30THO3MYECKM 1 rapmo-
HUYHbIM Tnamu OKB (Tabn. 1).

TouHOCTb BOCMpPOM3BEAEHMNA WCMbITyeMblM dpak-
TaNbHOW Pa3MepHOCTM CJieloBaHNA CTUMYNOB (Kpyros
pa3nnuHbIX LIBETOB) B MOTOKE BpeMeHW onpefensanacb
Kak AMHamuKa pa3HOCTW uHAaekca Xepcta. Ecnmn Benu-
UMHa AaHHOro MapameTpa MpPUHMMaeT oTpuuaTenbHoe
WY HyneBOe 3HauyeHue, TO CUMTAEeTCA, YTO MCMbITYeMbIN
npu BbINOIHEHNN NpoLeaypPbl CEHCOMOTOPHOW peakuun
BO BpeMA 2-11 YaCTu cepumn Bocrnpoussen GppaKkranbHyto
pa3MepHOCTb NOTOKa CTUMYJIOB He Xy»Ke, YeM B MepBoi
yactu [41]. TOYHOCTb NPOCTON CEHCOMOTOPHOWN peaKkuumn
Y NCMbITYeMbIX C aHO30MHO3MYECKUM TUMOM CamMas BbiCO-
Kaf no CpaBHEHWIO C ABYMA APYTMMU BbIABNEHHBIMU TU-
namu OKbB (p < 0,05).

Taknm 06pa3omM, MOXHO caenaTb BbIBOA, YTO WCMbI-
Tyemble C aHO30rHo3suuveckum tunom OKB nyule Bcero
CNpaBnATCA C BbIMOAHEHNEM NPOCTON CEHCOMOTOPHOW
peakuumn. bonee TOro, BbiABNEHbI JOCTOBEPHbIE Pa3Nn-
unA pe3ynbTaToB JaHHbIX UCMbITYEMbIX U TEX, Y KOrO Bbl-
ABNEeH rapMoHunyHbIn Tn OKB.

HanpoTnB, TOYHOCTb NPOCTON CEHCOMOTOPHOW peak-
LM NCAbITYyeMbIX C rapMOHWYHbIM TUnoMm OKB camasa Hu3-
Kas No CPaBHEHMIO C APYrMMU BbiiBAEHHbIMU Tunamn OKB
(p < 0,05). 57O CBMAETENBLCTBYET O TOM, YTO 3TN YUYACTHUKN
BOCNPOM3BOAAT $paKTasbHYl0 pPa3MepHOCTb BTOPON ce-
PV NPOCTOWN CEHCOMOTOPHOW peaKkLmn Xy»e, YeM NepBO.

B cBoI0 0uepepb, BbIABAEHO, UTO Y UCMbITYEMbIX C aHO-
30rHO3MYeCcKum Tunom oTHoweHna OKB TouyHoCTb npo-
CTO CEHCOMOTOPHOW peaKkuun JOCTOBEPHO Nydlle, Yem
TOYHOCTb CJIOXKHOW CEHCOMOTOpPHON peakuun (p < 0,05),
TOrga Kak B rpynne C aHo3orHosmyeckum tunom OKbB
obpaTHaA KapTMHa — WCMbITyemble fyylle BblIMONHAT
CITOXKHYI0 CEHCOMOTOPHYIO peaKkumio, YemM NpPocCTyto.

MonyyeHHble AaHHble MOATBEPKAAITCA aHANN30M KO-
nuyectBa ownOOK, JONYCKaeMbIX UCMbITyeMbIMA B MpPO-
Lecce BbIMOMIHEHUA MPOCTON 1 CZIOXKHON CEHCOMOTOPHOM
peakuun (Tabn. 2).

CTaTUCTNYECKNX Pa3NMUMiA B KONMMYECTBE OLIMNOOK
CEHCOMOTOPHOM peakumn y MUCAbITyeMbIX C Pa3fiyHbIM
TMnom OKB Hamu BbifiBIeHO He Oblflo, OAHAKO MOXHO
06HaPYXUTb TEHAEHLMIO CHUXKEHUA YMCNA OWNOOK B 1-11
N 2-1 YaCTAX C/IOKHOW CEHCOMOTOPHOM peakuun y UCnbl-
TYeMbIX CO BCeMU TpeMsA BblABAeHHbIMU Tunamm OKB.

Y ncnbiTyembix ¢ aHo30rHo3nyeckum Tunom OKB cko-
POCTb BbINOSIHEHWA BTOPOW YaCTU CIOXKHOWN CEHCOMOTOP-
HOW peaKkuu1u BbIlLe, YEM Y UCMBbITYEMbIX C FAPMOHUYHbBIM
Tunom OKbB (p < 0,05) (tabn. 3).

AHanu3 BpeMeHU BbINOSIHEHNA CEHCOMOTOPHOrO Te-
CTa MoKasal, YTo y UCMbITyeMbIX CO BCEMU Tpems BbIAB-
neHHoiMn Tnammn OKB npoucxoguT nocteneHHoe CHU-
MeHne CKOPOCTM BbINMOSIHEHNA OT MEPBON YacTn NPOCTON
KO BTOPOW 4YacCTW CJIOKHOW CEHCOMOTOPHOWN peakuuun.
Mpn 3TOM pasHuLa MeKay CKOPOCTbIO BbINOSIHEHWA NPO-
CTO CEHCOMOTOPHOW peaKkLnn 1 CI0XHOW JOCTUIaeT fo-
CTOBEpPHbIX pa3nuunii (p < 0,05).

Hamn BbifiBeHa 3aKOHOMEPHOCTb, AEMOHCTPUPYIO-
Wan, YTo UCnbiTyemble C aHO30rHo3nyeckum Tunom OKB

Ta6nuua 1. Ocob6eHHOCTV TOYHOCTU CEHCOMOTOPHbIX PeaKLUiA Y NCMbITYEMbIX C Pa3fIMYHbIM TUMOM OTHOLLEHMSA K 6ones-

HU (CpedHee 3HauyeHye + CTaHJaPTHOE OTKIIOHEHe)

Table 1. Features of the accuracy of sensorimotor reactions in subjects with different types of attitude to the disease

(mean value + standard deviation)

Tun oTHoweHuA K 6onesHn / Type of attitude to the disease

MapameTtp ceHcomoTOpHOI peakuum /
Sensorimotor response parameter

FapMOHMYHbIN /

Spronatnyeckuin/ AHoO30rHosnueckui /

Harmonious Ergopathic Anosognosic
(n=40) (n=33) (n=17)
TouHoCTb NPOCTOI CEHCOMOTOPHOIA peaKI.IIlII'II/ 0,18 + 0,68 0,010,117 —012+0,12"
The accuracy of a simple sensorimotor reaction
TouyHOCTb CNOXKHOIN CEHCOMOTOPHOI peakuyun / 0,01 +0,03" 0,01 + 0,02 0,02 % 0,02"

Accuracy of complex sensorimotor response

lMpumeyaHue: * — docmosepHbie paznuyua MOYHOCMU NPOCMOU CEHCOMOMOPHOU pedkyuu y UchblmyembiX ¢ AHO302HO-
3UYeCcKUM U 2pMOHUYHbIM MUNOM OMHOWEHUA K 60/1e3HU € yposHeM 3Hadyumocmu p < 0,05 (kpumeputi MaHHa — YumHu);
~— 0ocmosepHsbie paznuYuAa MOYHOCMU 8bINOJIHEHUA NPOCMOU U CJTOXKHOU CeHCOMOMOpPHOU peakyuu ¢ yposHeM 3Ha4UMo-
cmu p < 0,05 (kpumeputli MaHHa — YumHu).

Note:"—ssignificant differences in the accuracy of a simple sensorimotor reaction in subjects with an anosognosic and harmonic
type of attitude to the disease with a significance level of p < 0,05 (Mann-Whitney criterion); ™ — significant differences in
the accuracy of performing a simple and complex sensorimotor reaction with a significance level of p < 0,05 (Mann-Whitney
criterion).
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Ta6nuua 2. KonnmuecTBo oWnOOK CEHCOMOTOPHON peakLun Y UCMbITYEMbIX C PasfivyHbIM TUMOM OTHOLLUEHUS K 6one3Hu
(cpenHee 3HaueHMe + CTaHJAPTHOE OTKJIOHEHNE)
Table 2. The number of sensorimotor reaction errors in subjects with different types of attitude to the disease (mean

value + standard deviation)

Tuin oTHOLWIEHNA K 6one3Hn /
Type of attitude to the disease

MapameTpbl CECHCOMOTOPHOW peakuun /
Parameters of sensorimotor reaction

Konunuectso
own60okK B 1-i
YyacTy NPocTon
CEeHCOMOTOPHOI
peakuyum /
The number of
errors in the 1st
part of a simple
sensorimotor
reaction

Konunuecrtso
own60K BO 2-i
yacTy NpocToi

CEeHCOMOTOpHOMN
peakuum /
The number of
errors in the 2nd
part of a simple
sensorimotor
reaction

Konunuecteo
owun6okK B 1-n
4acTu CJIOXKHOM
CEeHCOMOTOpHON
peakuyum /
The number
of errors in
the 1st part
of a complex
sensorimotor

Konunuecrtso
own60oK BO 2-1
4acTun C/I0XKHOM

CEeHCOMOTOPHOI
peakuum /

The number

of errors in
the 2nd part
of a complex
sensorimotor

reaction reaction
FapmoHutnbii / Harmonious 1,76 + 3,42 2,30 +2,83 2,56 +2,67 1,56 +2,25
(n=40)
dpronatuueckui / Ergopathic 1824234 1,30+ 1,76 2,95 +3,24 147 £1,97
(n=33)
AHo30rHo3nYeckuin / 0,85 + 1,57 1,71 +3,30 2,57+ 1,81 1,00+ 1,15

Anosognosic (n=17)

Ta6nuua 3. CpefHee BpemA BbINONHEHNA CEHCOMOTOPHOW peakuun y UCMbITYeMbIX C Pa3fivyHbIM TUIOM OTHOLLEHUA

K 6onesHu (cpenHee 3HaueHune * CTaHAapTHOe OTK/IOHEHUE)

Table 3. The average time to perform a sensorimotor reaction in subjects with different types of attitude to the disease

(average value * standard deviation)

MapameTpbl CECHCOMOTOPHOW peakuuu /
Parameters of sensorimotor reaction

CpepHee Bpems
peakuum 1-i
YacTu NpocTo

CpepHee Bpems
peakuum 2-n
yacTu npocron

CpenHee Bpems
peakuyum 1-n
YacTu CJIOXKHOM

CpepHee Bpems
peakuuv 2-i
YacTuy CNI0XKHOM

Tvin oTHOLWEHNA K 60ne3Hn / CEeHCOMOTOPHOW CEHCOMOTOPHON CEHCOMOTOPHOW CEHCOMOTOPHOM
Type of attitude to the disease peakuun / peakuyun / peakuun / peakuun /
The average The average The average The average
reaction time reaction time reaction time reaction time
of the 1st part of the 2nd part of the 1st part of the 2nd part
of a simple of a simple of a complex of a complex
sensorimotor sensorimotor sensorimotor sensorimotor
reaction reaction reaction reaction
{:E"’;‘(’)’)""“"""" /Harmonious 31804+5876  32547+6460  379,11£5000 396,50+ 50,05
?np:‘;';'““ec""“ / Ergopathic 3106143314  31639+3084  373,12+3563  386,19+32,18
Anozornosuueckui / 297,55+2312  31668+2494  352,55+3048  36151+31,14"

Anosognosic (n=17)

lMpumeyaHue: * — docmosepHble pa3au4usa y ucnelmyembix ¢ 2§apPMOHUYHbIM U GHO302HO3UYECKUM MUNAMu OmMHoWeHUs
K 60s1€3HU Npu yposHe 3Hadyumocmu p < 0,05 (kpumeput MaHHa — YumHu).
Note: "— significant differences in subjects with harmonic and anosognosic types of attitude to the disease at a significance
level of p < 0,05 (Mann-Whitney criterion).
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Ta6nv||.|a 4. Pe3yanaTb| nccnenoBaHnA 0CObeHHOCTEN B3aNMOCBSA3N CEHCOMOTOPHDbIX peaKLl,I/IVI N TUNa OTHOLEHMA K 60-

JIE3HN Y NCNbITYEMbIX

Table 4. Results of the study of the features of the relationship between sensorimotor reactions and the type of attitude

to the disease in the subjects

HeszaBucnmasn nepemeHHasn / Independent variable

3aBucnmasn nepemeHHas /

2
Dependent variable R R P

KauecTBO NpoCTO CEHCOMOTOPHO peakyum /
The quality of a simple sensorimotor reaction

The type of attitude to the disease

Tun OKB / 0,299 0,090 0,020

TouyHOCTb NPOCTOIN CEHCOMOTOPHOI peakuum /
The accuracy of a simple sensorimotor reaction

The type of attitude to the disease

Tun OKb / 0,293 0,086 0,023

MpumeuaHue: R — ko3pgpuyueHm demepmuHayuu; R> — npoueHm oucnepcuu 3asucumoli nepemMeHHoU, 06vACHAeMbIl U3-
MeHeHUeM He3asucumol nepemMeHHOU; p — YpO8eHb 3HaYUMOCMU.
Note: R — the coefficient of determination; R? — the percentage of variance of the dependent variable, explained by the change

in the independent variable; p — the level of significance.

BbIMOMHAT KaK NPOCTYI0, Tak U CIIOXHYK CEHCOMOTOP-
Hylo peakuuu ObiCcTpee, YeM UCMbITyeMble C FapMOHMNY-
HbIM M 3pronatuyeckMm Tunamu, Npyv 3TOM pasnnyusa
CKOPOCTM BbIMOSHEHNA BTOPOW YacCTW CINOXKHOW CEHCO-
MOTOPHOW peaKkunn y UCMbITyeMbIX C aHO30THO3MYECKUM
N rapmoHM4YHbIM TMnom OKB gocTurailoT [OCTOBEPHbIX
pa3nuuunii (p < 0,05).

Cnegylowm 3Tanom Oblfo BbIABIEHNE BO3MOMKHbIX
B3aMMOCBA3EN WuccnefyemMblX MapameTpoB, ANA 4Yero
HaMK1 MCNONb30BancA JIMHENHbIA PEerpeccroHHbIn aHa-
N3, pe3ynbTaTbl KOTOPOTrO NPeACcTaBeHbl B Tab. 4.

AHanus pe3ynbTaToB perpecCMoHHOro aHanmsa no-
Kasan, 4To He3aBMCKMble NepeMeHHble — KayecTBo (R =
0,299, R?=0,090 npu p =0,020) n TouHocTb (R=0,293,R?* =
0,086 npu p = 0,023) NpoCTON CEHCOMOTOPHON peakLmu,
BAMAIOT Ha 3aBUCMMYyto nepemeHHyto — Tun OKbB. Mony-
UeHHble JaHHble COrNacyloTcA C pe3ynbTaTamMn ApYrux nc-
cnefoBaHWUN, B KOTOPbIX MOKa3aHO, YTO MCMONHUTENbHblIE
OYHKUMM BNMAKT Ha 300POBbe M KauyecTBO XU3HU [42]
N ABNAIOTCA BaKHbIM (HaKTOPOM, CMOCOOCTBYIOWUM CO-
XpaHeHuto 3g0poBbA [43].

Taknm obpas3om, pesynbTaTbl Halero MccnefoBaHUA
No3BONAIOT CAEeNaTb BbIBOL O TOM, UTO Y WCMbITYeMbIX
¢ pa3HbiM TUNom OKB pa3nunyHble 0CO6€HHOCTU CEHCOMO-
TOpHOTO pearnpoBaHua, npu 31om Tun OKB 1 napameTpbl
CEHCOMOTOPHbIX peakLuui CBA3aHbl APYr C APYTroM.

9TO MOXHO OOBACHUTb TeM, YTO MPU aHO30rHO3MYe-
CKOM TWMe He MPOUCXOAUT HanpaXeHUA afanTaloHHbIX
MEXaHWU3MOB, UTO MPOABMAETCA B TaKUX NMoBeJeHYeCKmX
peakumax, Kak CTpeMneHne XnTb, Kak n paHblie fo 6o-
Ne3Hu, HECMOTPA Ha TO UTO BoNe3Hb yXKe CyLlecTByeT.

Hanps)keHre apganTauMOHHbIX MeXaHW3MOB Yy WCMbl-
TyeMbIX C rapMOHMYHbIM Tnom OKB npnBoauT K cHuXe-
HWIO TOPMO3HOIO KOHTPOJA, KOTOPbIN HapAdy C nokasa-
TenAMy pabouyelt NaMATM COCTaBNAET UCMONMHUTENbHYIO
cMcTeMy Mo3ra.

M3BecTHO, UTO B perynaumMyM noBefdeHus y4yacTBYIOT
ncnonHutenbHana n gedontHaa (Default mode system,
DMN) cuctembl Mo3ra, Npu 3TOM AaHHble CUCTEMbI Bbl-
NOJIHAIOT CBOM GYHKLMM peLmMnpoKHo — akTnBauma DMN
NPOUCXOANUT MPU CHUXEHUN aKTUBHOCTU WCMONHUTENb-
HbIX PyHKUUN [44]. DyHKUMOHMpPOBaHMe fedOoNTHON CnC-
TeMbl, I CETU OnepaTUBHOro nokos [45, 46], ceA3bIBalOT
c paboToi BoobpaxkeHus [47], a ycuneHne ee akTUBHOCTM
npoucxoaut B CUTyauuu ob6aymbiBaHWA COOCTBEHHOrO
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npowioro 1 6yayuero, MbiIC/IEHHOTO KOHCTPYMPOBaHUA
couManbHbIX B3aMOOTHOLLEHN [46].

Takum 06pa3om, aKTUMBHOCTb AePONTHOM CUCTEMDI,
a UMeHHO «bnyxpatowmx mbicnen» (mind wandering,
MW), KoTopas oTpaxaeT ajanTauunto K CIOKMBLIENCA CU-
Tyauum nocpeacTtBOM CaMOaHanu3a, perynaumm HacTpo-
€HMA, a TaKXe MIaHUpPOBaHMA MO3UTMBHOro Oyayuiero
[48], NPMBOANT K CHUMXEHUI aKTUBHOCTU TOPMO3HOrO
KOHTPONA 1 NAOXUM pe3ynbTaTam BbIMOTHEHNA CEHCOMO-
TOPHOW peakuumn y NCbITyeMblX C FAPMOHUYHbIM TUNOM
OKB, oueHMBaOWMX 06 bEKTMBHO COCTOAHME CBOEro 30-
pOBbA U, KaK CrneAcTBue, Aenalwmnx Bce Heobxogumoe
ANA NPeofoneHna Hegyra.

XapaKTepuCTUKM CEHCOMOTOPHOrO pearnpoBaHus, AB-
nawwmeca nokasaTenAmm HenponnacTUYHOCTU, OAEMOH-
CTpupytoT Pprsronornyeckme 0Co6eHHOCTN KOTHUTUBHbIX
bYHKLMIA, SMOLMOHANIbHOTO pearnpoBaHnaA, afanTUBHOIoO
nosefeHna [49-52], uTo B COBOKYMHOCTW onpegensaeT 3¢-
$EeKTUBHOCTb COLManbHON aganTauun MHAWBKAA, B TOM
yncne n K 6onesnn [22, 23, 53-57]. Mpwu 3ToM y ncnbiTye-
MbIX C rapMoHUYHbIM Tnom OKB nponcxoguT cHUMXeHne
30 dEKTUBHOCTN CEHCOMOTOPHOrO pearvpoBaHusa, YTo
MOXET CBUAETENbCTBOBATb O CHUMXEHUWN MNACTUUYHOCTU
HEPBHON CUCTEMbl N ABAAETCA pe3ynbTaTaM peATesb-
HOCTM CeTM onepaTMBHOro MNOKOA MO3ra, KOToOpasA akTUBMU-
pyeTca B CUTyaunn peannucTUYHOro, B3BELEeHHOro 4oro-
CPOYHOro NiaHUpoBaHuA cBoero byayuiero [46], a Takxke
B CUTyaL My camopedneKkcum cBoero coctoaHma [58], uto
1 HabnogaeTca npy rapmoHnyHom Tune OKB.

MpoBefeHHOe Hamu unccnefoBaHMe MOKasano, 4To
apantmBHoe nosefeHne no OKb He moxeT paccmaTtpu-
BaTbCA NNWb KaK KOMMJEKC MoBedeHYeCKUX peakuui,
HamnpaBfieHHbIX Ha PeanuCTUYHYI0 OLEHKY CBOero co-
CTOAHUA 6e3 CKNOHHOCTW NpeyBenMuYnBaTh ero TAXeCTb,
HO 1 6e3 HelOOLIEHKN TAXKeCTN 6onesHu. AnanTaumsa K 60o-
ne3HN [OJKHa YUYUTbiBaTb BO3MOXHOCTb Hanbonbluero
COXPaHeHUs NMpPUBbIYHOTO 06pasza XU3HuU 6oSIbHOTO, Tak
KaK MMEHHO 3TO ABNAETCA OQHUM M3 MCUXOJIOTNYECKUX
naTTepHOB NOBeAEeHUNA, KOTOPble peann3yloTca y NCMbITY-
eMblX, CTapalloLWmnXca oTPULATb CBOK 60NE3Hb U XUTb, Kak
1 0O ee BO3HMKHOBEHMA.

Cnepyetr OTMETUTb, YTO CHUXXEHWE TOPMO3HOFO KOH-
TPONA, KOTOPbIN HapAQy C NOKasaTenAammn paboyen namaTu
COCTaBNAET UCNOSHUTENbHYIO CUCTEMY MO3ra, NMPUBOAMUT
K YXYALIEHNI0O CEHCOMOTOPHOrO pearnpoBaHusA, NPoAB-
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NAETCA B CHVXKEHUW Pe3ynbTaTUBHOCTUN BbIMOMHEHUA CEH-
COMOTOPHbBIX peakuuin 1, Kak cnefcTaue, NPUBOANT K Ha-
NPAXKEHNIO afanTauMOHHbIX MEXaHU3MOB Y WCMbITyeMblX
C rapMoHnYHbIM TUnom OKB. 3To HensbeXxHo byaeT BNNATb
Ha XapaKTep Bbl3f0POBNEHMA YenoBeKa, 0COOEHHOCTU ero
peabunuTauumn nocsie nepeHeceHHoro 3abonesaHus.

OzpaHuyeHus UCCIe008AHUA U peKomMeHOayuu OnA
dasibHeliwux uccsie0o068aHuli

MpeactaBneHHble pe3ynbTaTbl ABAATCA NpeaBapu-
TeSIbHbIMU, MOCKONbKY OHU ObliM MonyYeHbl C UCMOSb-
30BaHMeM Hebonbluon Bbl6opKKW. MpogonxKeHne mccne-
JOBaHVA C BKIOYEHMEM OOMbLUErO YnMcna yYacTHUKOB,
a TaKXKe pasfeneHune yYyacTHUKOB NCCefoBaHunsA no npu-
HaZNEeXHOCTW K TON U MHOWN PENUNMO3HON KOHpeccuu
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[59-62] no3BoNUT NonyunTb 6onblie AaHHbIX, Heobxoau-
MbIX A1 TOro, YTob6bl caenatb 6osiee ToUHble BbIBOAbI.
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1. Y UcnbiTyeMblX € pa3fiyHbIM TUMOM OTHOLUEHUSA
K 60ne3HN 0COGEHHOCTM CEHCOMOTOPHOrO pearnmposa-
HUA OTNINYAIOTCA MeXAY CO6ON.

2. Hanbonee 3¢ $peKTMBHO BbINOMHAT CEHCOMOTOpP-
Hble peakunu UCMbITyeMble C aHO30MHO3MYECKUM TUMOM
OTHOLLEHMSA K 6oN1e3HM.

3. Tvin OTHOLWEHUA K 6OME3HM 1 MapameTpbl CEHCOMOTOP-
HOro pearvpoBaHus, TakMe Kak KauecTBO M TOYHOCTb Npo-
CTOVi CEHCOMOTOPHOW peakLmu, CBA3aHbl APYr C APYroM.
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ABSTRACT

INTRODUCTION. Metabolic syndrome (MetS) represents an assortment of interconnected metabolic risk factors, particularly central
obesity, dyslipidemia, and hyperglycemia. These variables have a detrimental impact on renal function and contribute to increased
mortality. This timeline necessitates a prompt approach that enables the deployment of safe and non-intrusive therapeutic equipment
in conjunction with therapy for MetS patients. Accordingly, we aim to investigate whether using a low-level laser (LLL) watch device
as a non-invasive instrument enhances multiple metabolic parameters, so it may be a practical therapeutic approach for managing
metabolic disorders.

AIM. To investigate the effect of non-invasive laser therapy on parameters of lipid profile and renal function in patients with metabolic
syndrome.

MATERIALS AND METHODS. This study enrolled 40 MetS patients of both genders aged 45-65 years. The study group received a
12-week treatment consisting of oral hypoglycemic medication and LLL therapy (LLLT), which involved three weekly sessions performed
in the morning, targeting the wrist area using a continual output diode laser (skin contact mode, maximum power: 0.005 W, beam spot
area: 0.03 cm?, energy density: 288 J/cm?, and radiation time: 1800 s). The control group only received hypoglycemia medications.
Laboratory lipid profile and renal function measurements were conducted prior to and following the trial.

RESULTS. Following a 12-week laser watch therapy, the results revealed a significant decline in total cholesterol (TC), triglycerides (TG),
and low-density lipoprotein (LDL) levels and an increase in high-density lipoprotein (HDL) levels, which was slightly improved in the
control (p < 0.00). Moreover, glomerular filtration rate (GFR) and creatinine levels were significantly improved, while the control group
did not experience any significant improvement (p > 0.5).

DISCUSSION. Combining non-invasive laser therapy with hypoglycemic medications significantly improved the lipid profile in patients
with MetS; however, kidney function, like GFR and creatinine levels, was enhanced. Furthermore, lower TC and TG levels might be due
to the reduction of glycation and promoted LDL receptors which increased LDL catabolism.

CONCLUSION. Non-invasive laser therapy enhances lipid profile and renal function in MetS patients. Furthermore, the control group
had a minimal effect on the lipid profile and no effect on renal function.
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BnusiHue HeMHBA3UBHOM NA3EPHOMN TEPANUU HA JIMMULHDIA
npodunb U PyHKLMIO NOYEK NPU METAGBONUYECKOM CUHAPOME:
pPAHAOMU3UPOBAHHOE KOHTPONbHOE UCCneaoBaHue

A6p dnb-Cabyp T.C."", 2 bagp H.X.", & AtrTna ®.A.%, ') dnb6anHa P.X.M.!

" Kagpedpa cepdeyHo-cocyoucmsix, pecnupamopHsix 3a60s1e8aHuli u 2epuampuu, hakyismem usudeckoli mepanuu,
Kaupckuti yrusepcumem, [usa, Eaunem
2 MeduyuHckuli pakyiemem 05 0esoyek, YHugepcumem Anb-A3xap, Kaupckul yHusepcumem, [usa, Eaunem

PE3IOME

BBEJEHUE. MeTabonunuecknin cungpom (MetS) npepctaBnaetr coboii COBOKYNMHOCTb B3aMMOCBA3aHHbIX MeTabonnuecknx ¢akto-
POB PUCKa, B YaCTHOCTU, LIEHTPaNbHOrO OXMPEHWA, AUCTUMVAEMAN U TUNePranKemmmn. T paKTopbl OKa3biBaloT nNarybHoe BivAHne
Ha QYHKLMIO NOYeK 1 CMOCOBCTBYIOT NOBbILIEHMIO CMEPTHOCTY, YTO TpebyeT onepaTMBHOMO NOAXOAA, MO3BOMAIOLErO NCMONb30BaHNe
6e30MacHOro 1 HEMHTPY3MBHOIO MeAMLMHCKOro 060pyAOBaHMA B COYeTaHUM C Tepanuei Ana nauymneHtos ¢ MetS. CooTBeTCTBEHHO,
Mbl MOCTaBUAN Nepef coboi Lenb U3yuunTb, BIVAET 1N MCMNONb30BaHME HU3KOYACTOTHbIX la3epHbIX TepaneBTUYeCKNX YacoB B KauecTBe
HENHBa3VBHOMO MHCTPYMEHTa Ha yJlyuyLleHne MHOrOUMCIEHHbIX MeTabonmnyeckmnx napameTpos.

LLEJNIb. N3yunTb BNAHME HEMHBA3VBHOW fla3epHON Tepanmmn Ha mokasatenv nunugHoro npoduna n GyHKUMM NoYeK y naLyeHToB C Me-
Tabonnyeckm CUHAPOMOM.

MATEPUAJIbI U METO/AbI. B nccnegoaHum npuHanm yyactre 40 naymMeHToB ¢ MeTabonnyecknm CMHAPOMOM 060UX MOJIoB B BO3pac-
Te 45-65 net. iccnegyemas rpynna nonydana 12-HefenbHbll KypC NeyeHns, COCTOALWMNA U3 NepopasibHbIX CaxapOCHUKatoWwmnx npe-
napaToB 1 HW3KOYaCTOTHOW nasepHol Tepanun (H/TT), KOTopbI BKNOYan Tpu eXeHeaenbHbIX YTPEHHUX ceaHca nyTeM BO3AENCTBUA
Ha 0651aCTb 3aNACTbA C MOMOLLbIO AUOAHOIO Nas3epa HEMPEepPbIBHOTO AeNCTBUA (PEXNM KOHTaKTa C KOXKel, MaKCMMasibHasA MOLLHOCTb:
0,005 BT, nnowaab nAaTtHa nyya: 0,03 cm?, sHeprua NNOTHOCTb: 288 [Ix/cv?, Bpema obnyyeHua: 1800 ¢). KoHTponbHaa rpynna nonyyana
TONbKO NpenapaTtbl Ana iedeHnsa runornukemmnn. JlabopatopHble nccnefoBaHua nunugHoro npoduna n GyHKLMM noyek NpoBOANINCH
[0 1 nocne nccnefoBaHns.

PE3YJIbTATDbI. lNocne 12-HefenbHOM Tepanuu C UCNOJSIb30BaHMEM Nla3epPHbIX TepaneBTUYECKNX YaCoB pe3ynbTaTbl MOKasanun 3Hauu-
TeNlbHOE CHVXeHVe YPOBHA 00LLero xonectepuHa, TPUrMMLEPYAOB Y INMONPOTENAOB HU3KOW NMIOTHOCTY, @ Tak»Ke MOBbILLIEHNE YPOBHSA
NUNONPOTENOB BbICOKON MAOTHOCTU, KOTOPbIN ObiN He3HaUMTENbHO Obin Nyuylle B rpynne KoHTpons (p < 0,00). Kpome Toro, ypoBeHb
rnomepynsapHon GuabTPaLnmn 1 ypoBeHb KpeaTUHMHA 6blIN 3HAUNTENIbHO CHUPKEHDI, B TO BPEMA Kak B KOHTPOJIbHOW rpynne He Habnio-
[anocb Kakoro-nmbo cyLiecTBeHHoro ynyutieHus (p > 0,5).

OBCYXAEHME. CoueTaHne HeMHBa3MBHOWN Na3epHON Tepanuu C rMNOrnKeMUYeCKUMI NpenapaTtammn 3Ha4YUTeNIbHO YAYULINAO Nn-
NUAHbIA NPodunb Y NaumMeHToB C MeTacTa3aMu, OfHaKo Mokasateny GyHKLUMUN Nnoyek, Takme Kak ypoBeHb rnomepynapHoin ¢punbtpa-
LM 1 ypOBEHb KpeaTUHKHA, Obinuv ynyJlleHbl. Kpome TOro, CH/XXeHne ypoBHEN XonecTepmrHa 1 TpUrMLepuioB MoXeT ObiITb CBA3aHO
CO CHVXEeHVEeM aKTUBHOCTW PeLenTOpoB NNMOMNPOTENAOB HU3KOM MAOTHOCTU, CMNOCOOCTBYIOLMX MIMKUPOBAHWIO, YTO YCUMBaET KaTa-
60n13M NIMNONPOTENAOB HU3KOW MIOTHOCTU.

3AKJTIOYEHUE. HenHBa3mBHas nazepHas Tepanua ynyyaeT AUnuAaHbIA npoduib 1 GyHKLMIo noyeK y naymeHTos ¢ MetS. Kpome Toro,
B KOHTPOJIbHOW rpymnne Habnioaanocb MUHMMAaTbHOE BANAHME Ha IMMUAHbIA NPOGUb 1 OTCYTCTBUE BAMAHMUA Ha GYHKLMIO MOYEK.

PET'MCTPALNA: vigentndukatop ClinicalTrials.gov: NCT06193746, 3aperncTprpoBaHo 4 AHBapa 2024 r.

KJNTIOYEBDIE CJTOBA: Hi3koyposHeBble nasepHble Yachl, MetS, aucnnnuaemvs, runeprinkemmus, pyHKLnsA noyekx.

Ana untnposanua: Abd El-sabour T.S., Badr N.H., Attia F.A,, Elbanna R.H.M. Non-Invasive Laser Therapy Effect on Lipid Profile
and Renal Function in Metabolic Syndrome: Randomized Control Trial. Bulletin of Rehabilitation Medicine. 2024; 23(3):32-39.
https://doi.org/10.38025/2078-1962-2024-23-3-32-39

* [lna koppecnoHaeHumm: Toka S. Abd El-sabour, E-mail: toka.salahh@gmail.com
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INTRODUCTION unequivocally shown in clinical and epidemiological

Metabolic syndrome (MetS), often known as X
syndrome, refers to a grouping of different metabolic
risk factors rather than a pathological condition. These
risk factors have the potential to significantly elevate the
occurrence of dyslipidemia and chronic kidney disease
(CKD). The documented occurrence of MetS differs based
on the study group’s age, gender, ethnic background,
and socioeconomic status. Moreover, MetS has been

ARTICLES

research to originate from central obesity. Due to a
substantial worldwide rise in obesity rates throughout the
past three decades, MetS prevalence has bee considerably
increased [1]

Among the Egyptian population, different rates of
MetS prevalence in adults have been observed when using
different definitions. These rates were as follows: 43.8 %
according to the American Heart Association definition,
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42.5 % in accordance with the National Cholesterol
Education Program (NCEP) Adult Treatment Panel (ATP) llI
definition, 44.3 % according to the International Diabetes
Federation (IDF) definition, 33.8 % according to the IDF
definition with Egyptian cutoffs, and 41.5 % according to
the Joint Interim Statement (JIS) definition with Egyptian
cutoffs. Significantly, there is a lack of uniformity in the
precision of distinct definitions used for MetS diagnosis.
For instance, the JIS definition, which incorporates
an Egyptian cutoff, has been suggested as the most
appropriate method for identifying MetS in Egyptians.
This recommendation is due to the outdated nature of
the IDF definition, dating back to 2005, which employs
European cutoffs for MetS characteristics. Consequently,
the IDF definition is impractical for use in clinical practice
[2]. The global MetS prevalence is 12.5-31.4 % depending
on the criterion used. The Americas and the Eastern
Mediterranean region had far higher prevalence rates,
which rose with national affluence [3]. The ATP Ill criteria
of the NCEP considered MetS as the second major target
for cardiovascular disease) CVD (prevention, as it was
discovered that patients with MetS have a higher risk of
developing CVD in the next 5-10 years than those without
Mets and patients with CVD and MetS had an increased risk
of all-cause death. Accordingly, MetS will decline physical
health and quality of life, besides negatively impacting
psychological health [4].

Biological structures undergo photochemical reactions
when exposed to light. Photoreceptors convert light into
electrical impulses, which are transmitted to the parts of
the brain responsible for processing visual information.
Near-infrared light transillumination (NILT) is a form of
phototherapy that has demonstrated advantageous
effects. Photobiomodulation (PBM), often referred to as
low-level laser treatment (LLLT), is proposed as a safe,
non-invasive, and devoid-of-adverse effects technique,
particularly suitable for vulnerable groups. Additionally, it
mitigates inflammation, pain, and edema while facilitating
wound, deep tissue, and nerve healing and preventing
tissue damage [5]. Monochromaticity, directionality,
spatial and temporal coherence, and brightness are the
defining features of a laser, an energy-emitting device with
a power output of 0.00-0.1 W. Some mammalian cells, such
as cytochrome c oxidase, are positively affected by visible
light owing to its Near Infrared (NIR) absorption peaks. This
light reduces tissue hypoxia, enhances oxygenation, and
promotes improved tissue metabolism. The mitochondria
are regarded to be a possible location for the fundamental
effects of light, resulting in heightened ATP synthesis.
Consequently, these effects result in heightened cellular
proliferation and migration, mainly exhibited by fibroblasts
[6]. Additionally, LLLT has the potential to effectively treat
renal fibrosis, lower blood pressure, enhance glomerular
filtration rate, and reduce the buildup of collagen fibers in
individuals with type 2 diabetes (T2DM), dyslipidemia, and
hypertension. The LLLT can enhance sodium-potassium
activity, catalysis, and sodium-potassium ATPase activity.
Moreover, LLLT can be utilized to facilitate the recovery
and restoration of musculoskeletal injuries through
diminishing inflammation, enhancing proangiogenic
activity, and promoting epithelial cell migration and
proliferation [7].
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Accordingly, we reinforce this concept in our study
by utilizing the laser watch, the latest innovation in laser
therapy. This treatment involves the application of laser
beams directly on the wrist, which allows for continuous
transcutaneous blood irradiation. As a result, it has
emerged as a novel therapeutic approach for treating a
wide range of disorders.

AIM

To investigate the effect of non-invasive laser therapy
on parameters of lipid profile and renal function in patients
with metabolic syndrome.

MATERIALS AND METHODS

This double-blinded, randomized-controlled trial
was performed from April 2023 to October 2023, with a
register number of NCT06193746 on clinicaltrials.gov.
Before participation, participants received an explanation
of the purpose, potential risks, and expected advantages
of the study and signed an informed contest. The Faculty
of Physical Therapy Cairo University's Ethical Committee
approved this study (No: PT.REC/012/004441). The study
included 40 patients aged 45-65 years who were clinically
stable and had been diagnosed with Mets accompanied
by dyslipidemia and renal dysfunction and hadn’t been
receiving statins but they taked hypoglycemic medication
for over a year and not receiving. Participants were
recruited from Berket El Haj Medical Center and had a
comprehensive checkup before the research started.
Herein, we randomly and equally (n = 20) divided the
patients into the study group that received LLLT on
the wrist for 3 sessions/week/12 weeks in addition to
hypoglycemic medications, as well as that the control
group only had hypoglycemic medications. To conduct
the randomization process, an impartial colleague, who
was unaware of the study and had no participation in
it, extracted opaque, sealed envelopes from a container
and randomly assigned each envelope with a group
description.

Participants who do not meet any of the following
exclusion criteria were excluded: using specific medications
(corticosteroids or diuretics) that could potentially affect
the accuracy of the test results or have an impact on
blood cholesterol and weight; having CVD (congestive
heart failure, unstable angina, severe hypotension or
hypertension, myocardial infarction, and arrhythmias),
severe autonomic neuropathy, and liver or renal failure,
as these conditions could influence the photosensitivity
reaction; experiencing an active response to treatment;
having an infection in the laser treatment area, such as
a wound, burn, allergy, or another external injury; being
a smoker or alcoholic; having hypothyroidism; having
hemorrhagic diseases, anemia, or a cancer history; being
pregnant, breastfeeding, or planning to become pregnant
prior to the study completion; having mental disorders
including dementia or schizophrenia.

Evaluation of Eligibility

The trial enrolled 45 patients; during the evaluation,
5 individuals were excluded: 3 did not meet the inclusion
criteria, and the remaining 2 voluntarily withdrew their
participation from the study.
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Outcome Measurement

After obtaining initial measures of body weight, height,
and waist circumference (WC), we calculated the body
mass index (BMI) as follows:

BMI = Weight (kg) / Height (m?).

Laboratory Measurements

The renal function and lipid profiles of both groups
were assessed using the Devia 1800 chemistry system
(siemens-healthineers, Germany) before and after the
12-week trial. The assessments were conducted at ROYAL
LABS laboratories.

Lipid Profile Blood Test

Participants must undergo a fasting period of 9-12
hours before the test, during which they are only allowed
to consume water. After the needle was inserted, a small
amount of blood was collected in a sterile vial or syringe. A
lipid panel was used to examine four lipid types in a blood
sample: high-density lipoprotein (HDL; < 50 mg/dL), low-
density lipoprotein (LDL; > 130 mg/dL), triglycerides (TG; >
150 mg/dL), and total cholesterol (TC; > 200 mg/dL).

Kidney Function Test

This test was conducted to assess renal function directly
by measuring the glomerular filtration rate (GFR), ideally
between 90 mL/min/1.73m2 The creatinine levels should also
be within the range of 0.60-1.4. Fasting was unnecessary for
the test, and blood samples were obtained using a hollow
needle implanted into the arm vein. The blood was collected
and transferred into a test tube for analysis.

LLLT

The laser watch device utilizes a semiconductor LLL
equipment (model: BS-W11, Hubei Boshi Co. Ltd., China),
which provides ten separate laser beams utilized to
target the radial and ulnar arteries at the wrist site using
transcutaneous means (extra-vascular blood irradiation).
The LLLT was administered for 30 min every session, 3 times
a week, for 12 weeks [8]. This precautionary measure was
taken based on previous studies that have shown that laser
irradiation can enhance the process of intestinal absorption.
Experts in medical devices from Cairo University’s National
Institute of Laser Enhanced Sciences (Egypt) evaluated and
inspected the collimation, coherence, and monochromatic
gadget. Table 1 summarizes the specifications and features
of the used laser equipment [8].

Statistical Analysis

The statistical analysis was conducted through SPSS
version 25 for Windows (IBM SPSS, Chicago, IL, USA).
Unpaired t-test and chi-squared test were performed to
compare subject characteristics as well as sex distribution
between groups, respectively. The data was assessed for
normal distribution using the Shapiro-Wilk test while
deploying Levene’s test to assess variance homogeneity
among the groups. A Mixed MANOVA was used for
determining the treatment effect on TC, TG, HDL, LDL, GFR,
and creatinine levels. Post-hoc tests were conducted to
compare multiple groups, using the Bonferroni correction
for subsequent multiple comparisons. p < 0.05 indicated a
significant difference.

Table 1. The application parameters and characteristics of

laser watch radiation [8]

Parameters

Value

Site of applications

At wrist of the non-
dominant hand to prevent
interference with daily
activities of the patients

Monochromatic

wavelength, nm 650
Maximum power
produced by a single 0.005
laser output, W
A spot’s diameter, cm 0.2
A spot’s size, cm? 0.03
Power density, w/cm? 0.16
Radiation time, s 1800
Energy density, J/cm? 288
Energy, J 8.64
Mode for terminal laser .
Continuous

output

Session Duration

Thirty minutes

Laser beams numbers

Ten

Time

Patients need to fast four
hours in the morning prior
to the session to prevent
rise in blood sugar levels

Total duration of
treatment

Three times a week for 12
consecutive weeks

Type of beam

(Red) infrared laser light

Instability of the
terminal laser output

+ Ten percentage

Mode of display Liquid crystal display
3R-class laser product,
Safety class internally powered supply
Apparatus
RESULTS

Data was obtained from 40 MetS patients with

dyslipidemia and renal impairment who had finished
the research. Figure 1 illustrates recruitment, exclusion,
assessment, and intervention.

Subject Characteristics

The results revealed a non-significant difference
between groups in age, BMI, and sex distribution (p > 0.05;
Table 2).
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w [ Eligibility assessment (n = 45) ]

|

Not meeting inclusion criteria (n = 3)
Refused to participate (n = 2)

[ Randomization (n = 40) j

l

Group A (n = 20)

Received allocated interventions
for 12 weeks (n = 20)

Not received allocated
interventions (n = 0)

Lost to follow up (n = 0)
Discontinued intervention (n = 0)

Analyzed (n = 20)
Excluded from analysis (n = 0)

Fig. 1. Flow chart of the study

Table 2. Subject characteristics of both groups

Allocation

Analysis

=
)
L)

l

Group B (n = 20)

Received the allocated interventions
for 12 weeks (n = 20)

Not received allocated

intervention (n = 0)

Lost to follow up (n = 0)
Discontinued intervention (n = 0)

Analyzed (n = 20)
Excluded from analysis (n = 0)

Parameter S;’:lec:‘):‘girt;lll)p c?\:l‘::: zrsol;l P MD t-value p-value
Age, years 53.80 £4.82 5455 £5.29 -0.75 -0.46 0.64
BMI, kg/m? 3295+£1.17 3245 +£1.21 0.5 1.35 0.18
Sex, n (%)

Females 18 (90 %) 16 (80 %) (x>=0.78) 0.37
Males 2 (10 %) 4 (20 %)

Note: SD — standard deviation; MD — mean difference; p-value — probability value; x> — Chi squared value.

Effect of Treatment on TC, TG, HDL, LDL, GFR and
Creatinine

The results of the Mixed MANOVA indicated a significant
interaction between treatment and time (F = 24.31,
p=0.001).The treatment had a non-significant main impact
(F=2.26, p =0.06). The finding demonstrated a significant
main impact of time (F = 193.56, p =0.001).

Within Group Comparison

Both groups experienced significantly reduced TC, TG,
and LDL levels and increased HDL levels post-treatment
compared with their pre-treatment levels (p > 0.001, Table
3). The study group exhibited significantly lower GFR
and creatinine levels post-treatment than pre-treatment
(p > 0.001). In contrast, the control group showed a non-
significant change (p > 0.05, Table 4).

Between-Group Comparison

The study group had a significant reduction in TC, TG,
and LDL levels, as well as a significant increase in HDL levels,
compared to the control group post-treatment (p < 0.01).
The results revealed no significant disparity in GFR and
creatinine levels between the groups post-treatment
(p >0.05, Table 3 and Table 4)

DISCUSSION

This study suggests that using non-invasive laser therapy
for 36 sessions (3 sessions/week/12 weeks), combined
with hypoglycemic medications, significantly affects total
cholesterol, TG, and LDL cholesterol by reducing them and
increasing HDL in MetS patients. However, kidney function,
including GFR and creatinine levels, had an elevation in
the study group, while the control group showed a non-
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Table 3. Mean TC, TG, HDL, and LDL pre- and post-treatment of study and control groups

Pre-treatment

Post-treatment

Parameter Mean + SD Mean + SD MD % of change p-value
TC, mg/dL
Study group 200.70 + 24.11 17315+ 21.24 27.55 13.73 0.001
Control group 206.60 + 18.68 19245 £19.58 14.15 6.85 0.001
MD -5.9 -19.3

p=0.39 p=0.005
TG, mg/dL
Study group 168.50 + 31.88 134.15 £+ 26.44 34.35 20.39 0.001
Control group 172.15 £ 28.16 155.70 £ 24.68 16.45 9.56 0.001
MD -3.65 -21.55

p=0.70 p=0.01
HDL, mg/dL
Study group 45.25+5.91 50.20 + 6.87 -4.95 10.94 0.001
Control group 4425 +£6.13 45.55 £ 6.41 -1.5 3.41 0.001
MD 1.2 4.65

p=0.53 p=0.03
LDL, mg/dL
Study group 122.65 £22.65 101.57 £12.08 21.08 17.19 0.001
Control group 124.50 £ 19.81 114.15 £ 16.63 10.35 8.31 0.001
MD -1.85 -12.58

p=0.78 p=0.009

Note: SD — standard deviation; MD — mean difference; p-value — probability value.
Table 4. Mean GFR and creatinine pre- and post-treatment of study and control groups

Parameter Pr;‘-::a;rgel)nt Po;;:::aitr;Dent MD % of change p-value
GFR, mL/min
Study group 99.45 +17.89 95.45 +14.27 4 4.02 0.004
Control group 98 +21.97 97.60 + 18.79 0.4 0.41 0.76
MD 1.45 -2.15

p=0.82 p=0.68
Creatinine, mg/
dL
Study group 0.69+0.19 0.64 +£0.21 0.05 7.25 0.001
Control group 0.67 £0.21 0.66 +£0.24 0.01 1.49 0.25
MD 0.02 -0.02

p=0.82 p=0.74

Note: SD — standard deviation; MD — mean difference; p-value — probability value.
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significant difference. This agreed with Fares H.M et al. [9], who
has found that a laser watch and hypoglycemic medications
significantly reduce blood glucose levels and lipid profile
measurement in T2DM patients, suggesting that it is safe
and efficient to treat patients with T2DM and dyslipidemia
by using a laser watch as an extra therapy in addition to the
usual care. Our results corroborate the findings of Serry ZM.H.
et al. [10] that extra-vascular laser blood irradiation by laser
watch reduces blood glucose levels, improving metabolic
parameters by improving dyslipidemia.

Additionally, a meta-analysis [11] have indicated that
intravenous laser treatment significantly decreases blood
glucose levels in T2DM and may be used as an additional
therapy, which is supported by our data. Improved blood
glucose regulation has been shown to alleviate diabetes-
related dyslipidemia partially [12]. Lower levels of TC and
TG resulted from decreased glycation and enhanced LDL
receptors, which increased LDL catabolism and decreased
VLDL levels in diabetes mellitus. This might account for the
improved lipid profile of the control group. Our results align
with Melekhovets O. et al. [13], who has stated that ILIB lowers
TG, TC, and LDL levels in individuals with hypothyroidism or
dyslipidemia alone. Nevertheless, unlike in our study, where
the laser watch was worn for 12 weeks, ILIB was only used for
one month. Laser acupuncture and diet-exercise intervention
have a modest positive effect on dyslipidemia in individuals
with metabolic disorders [14]. This effect was achieved by
reducing TG, LDL-C, and HDL-C levels. Nevertheless, laser
acupuncture was more efficient than the diet-exercise
intervention in reducing TC levels. Furthermore, Liu T.C.-Y.
et al. [15] has observed that individuals with coronary
heart disease or cerebral infarction who get intranasal laser
treatment had better blood lipid profiles.

The study of Olban M. et al. [16] could explain this
enhancement, as the lasers increase superoxide production
and encourage lipid peroxidation. The heightened generation
of reactive oxygen species (ROS) results in the degradation of
lipids within the cellular membrane. Temporary holes made
in the cell membrane allow lipids and fatty substances to
reach the interstitial space, where they are removed by the
lymphatic system. It might be explained by the likelihood
that NILT alters the potential of the mitochondrial membrane
and the intracellular redox state, which would raise the
rate of ADP-ATP exchange. These modifications to the
mitochondria may reduce cholesterol synthesis by altering
the transcription factors required to express important genes
involved in the biosynthesis pathway [17]. The study of Ahrabi
B. et al. [7] agrees with our study as it has demonstrated that
lasers can be useful in lowering ROS levels, fibrosis factors,
and inflammatory reactions. Additionally, it can promote
glomerular cell proliferation and anti-inflammatory responses.

The study of Ucero A.C. et al. [18] aligns with our study
that lower NILT dosages were explored via dose (1.5 J cm™
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fs, 3 mW each, for 4.25 min, five diode) applied on the skin
(5 times per week for 8 weeks) on a CKD rat model which
was indicative of the primary human causes of CKD, MetS-
related T2DM. In addition to gradual renal failure, the ZSF1
rat strain exhibits obesity, hyperglycemia, dyslipidemia,
and hypertension. A higher overall health level might
account for the absence of variations in plasma creatinine
between groups. The primary source of creatinine is muscle
mass, and maintaining muscular mass is linked to higher
creatinine levels. Nonetheless, the study of Astuti S.D. et al.
[19] has suggested that a significant impact on the quantity
and caliber of granulation tissue was observed after the
experiment duration. Administering a 650 nm laser with a
dosage of 1 J daily performed on the acupuncture of the mice
kidney can increase the effectiveness of treating diabetic
rats in the early CKD stages. The findings explain the limited
change shown in GFR in study group B, with no significant
difference observed between the groups. Although the
results were positive, the small number of participating
patients limited the experiment. Subsequent investigations
will require extended periods of observation and increased
participant numbers.

The study of Mikhailov V. et al. [20] observed 205 type 2
diabetic patients with dyslipidemia who approved that the
Combination of a visible red laser therapy (630 nm; output
power at the fibre tip, 2 mW; exposure period, 15-30 min) in
conjunction with antioxidant therapy (about 600 mg daily)
for nine months have a positive effect on achieving the lipid
normalising effect, there was a significant increase in the level
of HDL-c and a decrease in LDL-c levels in the post-treatment
Simultaneously a significant decrease in total cholesterol
was noted and triglycerides were either normal or within the
upper normal limits. The LDL/HDL-c ratio was reduced by
two-fold. the combined laser therapy was believed to help in
decreasing the intake of hypolipidemic and lipotropic agents
and improving MetS symptoms.

Limitation

Our investigation had several limitations. First,
the extended follow-up period. Second, the specific
inclusion criteria. Last, the small ample size. Therefore, we
recommended further investigation utilizing a wide range of
inclusion criteria and larger sample size.

CONCLUSION

Non-invasive laser therapy improves lipid profile and
renal outcomes, which suggests that MetS with uncontrolled
diabetes has improved. Moreover, non-invasive laser
therapy can be an alternate treatment approach to be used
in conjunction with medications. Additional research with
bigger sample sizes must assess the long-term consequences
of non-invasive laser therapy and its impact on individuals
undergoing renal dialysis.
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HoBble HeMeaUKAMEeHTO3HbIe TeXHoNoruu npu numdbepeme,
CBSI30HHOM C PAKOM rpyau: 063op nuTeparTypbl
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PE3IOME

BBEAEHUE. llumdbenema, cBazaHHaa ¢ pakom rpyan (JICPT) (Breast Cancer-Related Lymphedema, BCRL), — ogHo 13 Hambonee va-
CTbIX OCJIOXKHEHUIA MOCSIe PAfIMKANbHOTO NIeYeHUs paka MosiouHol »enesbl (PMXK). OcobeHHocTbio TeueHus JICPT Ha no3aHuX CTaguax
ABMACTCA PE3NCTEHTHOCTDb K JIeYEHWNIO N TPYAHOCTU KOHTPONA 3a OTeKamu. B HacToALee BpemA OTCYTCTBYIOT MOJIEKY IAPHbIE Tepanes-
TUYeCKme MueHn, Gapmakonormyeckoe BO3AerCTBME Ha KOTOPbIE MOTJIO Obl MPefoTBPaTUTb BO3HNKHOBEHME OTEKOB, B CBA3M C YEM
Heo6X0AMMO 13yunTb SPGEKTVBHOCTD HEMEANKAMEHTO3HbIX TEXHOMOT A

LIEJTb. M3yyeHne 3bPeKTUBHOCTY HeMeMKaMeHTO3HbIX TexHonoruii npw JIPCT gnda pa3paboTky peKoMeHAaLUmi No UX NpakTnyeckomy
NPVIMEHEHUNIO Ha OCHOBE aHaNn3a CUCTEMATUYECKMX 0630POB 1 MeTaaHal30B PaHAOMM3MPOBAHHbIX KOHTPOIMPYEMbIX NCCIefoBa-
Hui (PKN).

MATEPUAJIbI U METOZADbI. MNMownck npoBoannca B 6a3e AaHHbIX MO JoKa3aTesibHOWN ¢usmotepanuu (PEDro) no knoyeBbiM ClIoBaM:
«nuMdenieMa, <BEPXHUE KOHEYHOCTW», «pak rpyau» ¢ 2002 no 2024 r. Bcero Ha mapT 2024 r. 6b110 0To6paHo 203 UCTOYHNMKA, N3 KOTO-
pbIX 54 COCTaBUAN CMCTEMATYECKNe 0630pbl, 2 — KokpaHoBcKue 0630pbl, 1 — KnrHnyeckme pekoMmeHgaLmm (ameprikaHcKoro oblLue-
CTBa KJIMHNYECKOW OHKOoNorumn), a Takxke 146 PKU (71,92 %).

PE3YJIbTATbI 1 OBCYKAEHUE. B MHOrouncneHHbIX NCCefOBaHUAX YCTaHOBIEHO, YTO MPUMEHEHVe PaHHNX NocieonepaLioHHbIX
dU3NYEeCKMX yNpaXKHEHUIA C MOCTEMEHHBIM PacLUMPEHEM Harpy3KIn Nog HabsloAeHeM MHCTPYKTOpa Nno nevebHon ¢uskynbtype (JTOK)
y NaLMEHTOB C puckom pa3suTra JICPT — 6e3onacHbiii 1 3GdeKTUBHbIN MeTog peabunutaumum. SGPeKTMBHOCTb PaHHero NpodunakTu-
YecKoro NpUMeHeHua MaHyanbHoro numdoapeHaxa (MJ11), no aaHHbIM 4 PKU, nokasaHa B KokpaHOBCKOM 0630pe, Mpu 3TOM KiMHUYe-
cKaa 3GdeKTUBHOCTb paHHero NpodunakTnyeckoro HasHauyeHna MJ1, Bnuatowan Ha puck JICPT, Bce elye ocTaeTca HEAOCTAaTOYHO [0-
KasaHHoOW. HanpoTuB, foKa3aHo, YTo NPoduIakTyecKoe NCnosb30BaHNE KOMMPECCMOHHbIX PYKaBOB MO CPAaBHEHWIO C KOHTPOJIbHOM
rpynmnon yMeHbLUUSIO 1 OTCPOYUNIO BOSHUKHOBEHME OTEKOB PYK Y XEHLLUMH C BbICOKUM prckoMm pa3sutna JICPT B TeyeHne nepsoro roga
nocne onepauuy no nosofy PM>K. Takxke npoBefeHHble nccnefoBaHNA NOATBEPANIN 3PGEKTUBHOCTb NPUMEHEHUA MOAENN PaHHEro
NPOCMNEKTVBHOIO HabNoAEHA C NCMONb30BaHUEM G1IOUMMNeSaHCHON CMEKTPOCKONMW ANA PaHHErO BbIABNEHWA N He3aMe INTENIbHOrO
neyenua JICPT. MNMoKasaHo, YTo AnA 3HAUYMTENIbHOFO YMeHbLUeHNA obbema KoHeyHocTH npu JICPT HeO6X0[MMO Ha3HaYeHNe NHTEHCKB-
HOW pa3bl KOMMIEKCHOW NpoTBooTeuHoN Tepanuu (KINT) B TeyeHne He MeHee 3 Hefenb. Takxe Aoka3aHa 3GPeKTVBHOCTb NPUMeHe-
HMA CTaHZAPTHOIO WY YCOBEPLUEHCTBOBAHHOMO YCTPOWCTBA NepeMeHHON NMHEBMATNYECKOWM KOMMPEeCCcUn Ha STanax peabunutaumm,
B TOM Y/C/le B AOMALUHUX YC/IOBUAX.

3AKJTIOYEHUE. [1nAa cHWKeHUA p1cka pa3Butua u nporpeccrpoBanua JICPT go TAXesnbiX KNMHUYeCKUX CTagunin numdaTnyeckoro oteka
[OJIKHbI NPUMEHATLCA coBpeMeHHble meToAnKM JIOK anA noBbilweHnA GU3NUYeCKon akTMBHOCTM C LIeNblo KOHTPONA Beca, akTUBHO NC-
nosib30BaTbCA 0byyatoLe METOLMKM MO CAMOMACCaXy, CAMOCTOATENbHOMY HaNlOXKEHUNIO KOMMPECCUOHHbIX 6aHfael. «3010TbIM CTaH-
JapTom» KoHcepBaTuBHOro nedyeHus JICPT octaetca KIMT, ocHoBoi koTopoii ABnAetca MJ1[. BmecTe ¢ 3TM onpashaHo 6onee wrpokoe
npriMeHeHne 1 pa3paboTKa HOBbIX METOAVK annapaTHOro numdogpeHaxa, MuTpyowmx MJTI — BbICOKOPECYPCHbIN U 3aTPaTHbIN
meTop neyenua npw JICPT. ina noaTBepAeHNA KINMHNYECKON 3PPEeKTMBHOCTY yCOBEPLLUEHCTBOBAHHON anmnapaTHO NHEBMOKOMMpec-
cun TpebyeTcA npoBefeHne JoNoNHUTENbHbIX PKU ¢ oLeHKO oTaaneHHbIX pe3ynbTaToB eyeHus.

KJNTIOYEBDIE CJIOBA: numdbenema pyku, pak MONOUHOI enesbl, peabunmntaLms, MaHyanbHbIi numpoapeHak, nepemeHHas
NHEBMOKOMMPECCHA.
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New Non-Drug Technologies for Lymphedema
Associated with Breast Cancer: a Review
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Olga V. Yurova, ‘= Elena M. Styazhkina, > Tatyana V. Marfina, ‘2 Lev G. Agasarov,
Valeriia A. Vasileva, '~ Elena S. Berezkina

National Medical Research Center for Rehabilitation and Balneology, Moscow, Russia

ABSTRACT

INTRODUCTION. Breast Cancer-Related Lymphedema (BCRL) is the most common complication after radical treatment of breast cancer
(BQ). Currently, there are no molecular therapeutic targets whose pharmacologic action could prevent edema, making it necessary to
study the efficacy of non-pharmacologic techniques.

AIM. To study the effectiveness of non-medication technologies in BCRL to develop recommendations for practical application based
on the analysis of systematic reviews and meta-analyses of randomized controlled trials (RCTs).

MATERIALS AND METHODS. The search was conducted in the Physiotherapy Evidence-Based Database (PEDro, 2002-2024) using the
keywords: “lymphedema’, “upper limbs’, “breast cancer”. A total of 203 sources were selected as of March 2024.

RESULTS AND DISCUSSION. Numerous studies have found that the use of early postoperative physical exercise with a gradual
expansion of the load in patients at risk of developing BCRL is a safe and effective method of rehabilitation. The effectiveness of early
preventive use of manual lymphatic drainage (MLD) in 4 RCTs was studied in a Cochrane review. However, the clinical effectiveness of
early prophylactic use of MLD to prevent BCRL remains insufficiently proven. In contrast, prophylactic use of compression sleeves has
been shown to reduce and delay the onset of arm lymphedema in women at high risk of developing BCRL during the first year after
breast cancer surgery. Studies have also confirmed the effectiveness of an early Prospective Surveillance Model using bioimpedance
spectroscopy for early detection and immediate treatment of BCRL. It has been proven that in order to reduce the volume of a limb
with BCRL, it is necessary to prescribe an intensive phase of complex decongestive therapy (CDT) for at least 3 weeks. Studies have also
proven the effectiveness of using a standard or improved intermittent pneumatic compression device in the rehabilitation phases,
including at home.

CONCLUSION. To reduce the risk of development and progression of BCRL, modern exercise therapy techniques should be used
to increase physical activity in order to control body weight, and educational techniques for self-massage and self-application of
compression bandages should be actively used. The “golden” standard for conservative treatment of BCRL remains CDT, which is based
on MLD. At the same time, the wider use and development of new methods of hardware lymphatic drainage that imitate MLD, which
is a highly resourceful and costly method of treatment for BCRL, is justified. To confirm the clinical effectiveness of improved hardware
pneumocompression, additional RCTs assessing long-term treatment results are required.

KEYWORDS: arm lymphedema, breast cancer, rehabilitation, manual lymphatic drainage, intermittent pneumocompression.

For citation: Apkhanova T.V., Konchugova T.V,, Kulchitskaya D.B., Yurova O.V., Styazhkina E.M., Marfina T.V., Agasarov L.G., Vasileva V.A.,
Berezkina E.S. New Non-Drug Technologies for Lymphedema Associated with Breast Cancer: a Review. Bulletin of Rehabilitation
Medicine. 2024; 23(3):40-51. https://doi.org/10.38025/2078-1962-2024-23-3-40-51 (In Russ.).]

* For correspondence: Tatiana V. Apkhanova, E-mail: apkhanovatv@nmicrk.ru

Received: 11.03.2024
Accepted: 20.05.2024
Published: 17.06.2024

BBEAEHUE

Pak MmonoyHon xenesbl (PMXK) — Hanbonee pacnpo-
CTpaHeHHas 310KayecTBEHHas OMyXofb W Beaylasa npu-
YMHa CMEePTHOCTM OT paKka Cpean KeHLUH BO BCEM MUpE:
no oueHkam, B 2020 r. AUarHOCTUPOBAHO 2,3 MJTH HOBbIX
cnyyaes. B EBpone y Kakgon 11- XeHLMHbl B TeueHne
KU3HM 6ypeT grnarHoctuposaH PMXK [1].

Jinmoepnema, cBAzaHHaA ¢ pakom rpyaun (JICPT) (Breast
Cancer-Related Lymphedema, BCRL), sBnaetca ogHum
13 Hambonee YacTblX OCIOXKHEHUN MocCse paguKanbHoO-
ro neuexHms PMX [2]. YacToTa 3abonesaemoctn JICPI po-
cturaet 16,6 % (95 %-n poBepuTenbHbI HTepBan [AN]
13,6-20,2) B nepuog ot 3 mecAueB fo 20 net nocsie nocTa-
HOBKW AmarHo3sa PMXK [3]. Y naymeHTOK, nepeHeclumnx anmm-
dafeHIKTOMMIO NoAMbILEeYHbIX Numdoy3nos, 3aboneBae-
MOCTb yBenuuymsaetca go 19,9 % (95 % AW 13,5-28,2). O1oT
ypoBeHb 3aboneBaemocT npegnosnaraet, ytoy 1 13 5 Bbl-
KUBLUMX NaLMEHTOB B TeueHne 2-3 fieT nocne pagnkanib-
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HoM onepauyum moxeT pa3BuTtbca JICPT [4]. MNocnegytowan
nocnieonepauroHHan nyyeBas Tepanua yBennymBaeT puck
pa3sutua JICPT go 30-50 % [5]. MNpwn npumeHeHun 6onee
COBPEMEHHOr0 MeTofAa Xupypruyeckoro neveHusa PMXK
C nMpuMeHeHMeM OMOoNCUM CTOPOXKEBbIX NUMPATUUECKMX
y3noB yacTtoTa pa3suTtua JICPI coctasnaet 5,6 % [3, 6].

Pazsutme JICPI npepctaBnsaetr coboli MOXKU3HEHHOe
6pemMA 1 MOXM3HEHHbI PUCK MOYTU ANiA BCEX NaLluveH-
TOB, nepexuswmnx PMK. OcobeHHocTblo TeueHua JICPT
Ha NO3[HMX CTaguAX ABNAETCA Pe3UCTEHTHOCTb K NPOBO-
AVIMOMY NeYeHUIo 1 TPYAHOCTM B KOHTPOSie 3a oTekamu [7].
Pa3BnTVE KNMHMYECKNX CMMMNTOMOB (OTeKkn pyK, 6oneson
CUHAPOM, OorpaHnyeHne GYyHKUMM NOpPa)KeHHOW KOHEeYHO-
CTn, Tpebylollee KOMMEHCATOPHbIX CTpaTernin ABUKEHWA)
[8] 3HauMTEeNbHO BAMAET Ha KauyecCTBO »KM3HWN, MCUXOCOLM-
anbHOe B3aMMOAENCTBUe, SMOLMOHaNbHOe 6raronosnyyne
naymeHToB [9, 10], uTo co3paeT cyllecTBeHHoe GMHAHCO-
BOe Opemsa AnA cuctembl 3gpaBooxpaHeHa [11].
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InarHo3 JICPI BbicTaBnAeTCA Npy COXpaHeHUn nocse-
onepaLyoHHOro NMMMPaTUYECKOro oTeka KOHEYHOCTH, Npe-
BblLLatoLLeM 3 MecALa Nocse XUpypruyeckoro nevenus [12].

PaspaboTka 1 KnMHM4yeckoe npumeHeHne 3¢¢deKTrB-
HbIX JONTrOCpPOoYHbIX cTpaTernn nevenua JICPI, Bknioua-
IOLMX COBPEMEHHble HeMeAMKaMeHTO3Hble TeXHONOoruwu,
OCTalTCA aKTyalbHbIMU 3afjayamy BOCCTaHOBUTESIbHOW
MeAULMHBI 1 MeANLIMHCKON peabunuTaumm.

LEJIb

N3yueHne 3dPeKTMBHOCTU HemeaMKaMEHTO3HbIX Tex-
Honorui npu JICPT ana pa3paboTky pekomeHaaumi no nx
NpaKTUYeCKOMy NPUMEHEHUNI0 Ha OCHOBE aHanm3a cucTe-
MaTnyecKnx o630poB 1 MeTaaHasM30B PaHAOMU3UPOBaH-
HbIX KOHTpOnMpyeMbix nccnegosaHuin (PKA).

MATEPUAJIbl U METOAbI

Mounck npoBogmnca B 6a3e gaHHbIX MO fOKa3aTeIbHON
dusnotepanum (Physiotherapy Evidence Database (PEDro),
University of Sydney) no kntoueBbiM croBam: «numdege-
Ma», «<BepXHME KOHEUHOCTU», «paK rpyamn». Bcero Ha mapT
2024 r. 6bIn0 0TO6pPaHO 203 UCTOYHMKA, U3 KOTOPbIX 54
(26,6 %) cocTaBunM cuctematmyeckme o63opbl, 2 — Kokpa-
HOBCKMe 0630pbl, T — KnnHnyeckue pekomeHgauum (ame-
PUKAHCKOro obuiectBa KAMHUYECKON OHKOMOruu), KOTo-
pble He nognexanu 6annbHO OLEeHKE U UMEeNV KaTeropuio
N/A, a Takxe 146 PKW (71,92 %).

PKW panxunpytoTca cooTBeTCTBEeHHO WwKane PEDro cne-
aytowmm obpasom: PKU ¢ obwmum 6annom ot 0 fo 3 cumTa-
l0TCA «HM3KOro» KauecTBa, 4-5 6annos — «yfoBneTBOpU-
TeNbHbIMUY, 6-8 6aNNoB — «XOpPOoLMMM» U 9-10 — «OTNNY-
HbIMW». NS uccnefoBaHWiA, OLEHMBAIOLWINX KOMIIEKCHbIE
BMellaTenbcTBa (Hanpumep, ¢usmyeckne ynpaxkHeHus),
ONTUManbHbIM sBAseTcA obwun 6ann PEDro — 8/10
(punc. 1).

Hob6pokauectBeHHbIMM PKW no wkane PEDro npusHa-
I0TCA UCCIeOBaHMA, UMeLME PENTUHT CBbile 5 6annos,

1/10
2/10

3/10 |
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Takmumm PKW B HacToAwwem 0630pe 6binu npusHaHbl 61,64 %
(90), 56 PKW nmenu 6annbHyto oueHKy oT 1 1 4, uTo cocTa-
Buno 38,36 %.

PE3YJIbTATbl U OBCYXAEHUE

HaHHble no pacnpegeneHnio PKW no npumeHaemomy
neye6Homy GaKTopy 1 PerNTUHIY KayecTBa MCCiefoBaHuA
no wkane PEDro npegctaBneHbl B Tabn. 1.

HacTtoawwmin 0630p noceaLeH oueHKe 3GdeKTUBHOCTM
Hanbonee YacTo NPUMEHAIOLLMXCA COBPEMEHHbIX METOA0B
peabunuTtaumm M HemeguKaMeHTo3Horo nedeHusa JICPT
Ha PasNNYHbIX KNMHUYECKUX 3Tanax, BblAeNAaemMblX B PyKO-
BoAcTBe AMepuKaHCKOM accounauumn ¢usmotepaneBToB
(2020): paHHem nocneonepaLoOHHOM/paHHeM Npodunak-
TUYECKOM, MNPV NPYMEHEHNW MOAENN NPOCMNEKTUBHOMO Ha-
6niofeHna gna BbiABNEHNA CyOKNIMHUYeCcKon numbeaembl,
npu NprMeHeHNn Gr3nNYecKmxX TPEHNPOBOK C MPOrpPeccrB-
HbIM yBENMYEHMNEM Harpy3ku C OTATOLEHUEM B NMO34HEM
nocneonepalvoHHOM Mepuoge nocne onepauum no no-
Boay PMX unu npu cybknuHuueckon numébeneme, BMeLla-
TenbCTBa NpW ycTaHoBAeHHOM AnarHose JICPT [13].

3man 1. PaHHuli nocsieonepayuoHHbIll yxo00 / paHHee
npogunaKkmuyeckoe eMewamesnbcmeo

CoobuyaeTca o 6e30MacHOCT MPUMEHEHNUA pPaHHKX
nocneonepayroHHbIX GU3NYECKMX YNPaKHEHUI C NOCTe-
MeHHbIM pacLIMpPeHreM Harpysku nog HabniogeHnem nH-
CTpyKTOpa no neyebHom ¢uskynorype (JIOK) y naymeHToB
¢ puckom pa3ssutua JICPI nocne KoHcynbTaunm ¢ MynbTu-
ANCUMNANHAPHOW KoMaHgom [13].

Bendz|. et al. [14] nccneposanu paHHue (Yepes 1-2 gHA
nocne onepauun) N oTCpoUeHHble (Yepe3 14 gHeln nocne
onepaymu) ynpaxHeHVA Ha nieyeBble CycTaBbl y N1l Mo-
cfe pafriKanbHOM MacTaKTOMUN UK pe3eKUMmn KBagpaHTa
C Auccekumen nogmbiweyHbix numéoysnos. Mporpamma
yrpaxHeHW B paHHeM MOC/ieonepaLioHHOM nepuoae
nocTeneHHo paclMpANacb U KOHTPONMPOBaNach NHCTPYK-

4/10

5/10

6/10

7/10

8/10

9/10 [ ]

N/A

YpoBeHb fgokasartenoHocTn / Evidence level

0 5 10 15

20 25 30 35

KonunuecTtBo nccnegosanuii, eq. / Number of studies, pcs.

Puc. 1. Pacnpegenenune pgokasatenbHocT PK/ no meguumHckon peabunutauum npu JICPT no 6annam wkanbl PEDro,

KOINYEeCTBO NCCIIe0BaHNN

Fig. 1. Distribution of evidence of RCTs on medical rehabilitation for BCRL by PEDro score, number of studies

lMpumeyaHue: N/A — He onpederieH.
Note: N/A — not applicable.
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Ta6nuua 1. Pacnpegenerve PKU no npumeHsemomy nedebHoMy GakTopy 1 peiTrHIY KauecTBa NCCefoBaHmns No WwKase

PEDro, ep.’

Table 1. Distribution of RCTs by applied treatment factor and PEDro quality rating, pcs.

BmewartenbcrBo /
Intervention

Bbicokoe KauecTBO / yAOBl'IeTBOpIIITeﬂb-

High quality
(> 8 6annos /
points)
KonunuectBo, eg. /
Number, pcs.

Hoe KauecTBo /
Satisfactory quality

(5-7 6annoB/ points) (<4 6annos / points)

KonunuecrtBo, eg. /
Number, pcs.

Huskoe
KauyecTBo /
Low quality

KonunuectBo, eg. /
Number, pcs.

PentuHr N/A
(He onpepeneH) /
Rating N/A
KonunuectBo, eg. /
Number, pcs.

Mpodunakrnueckne mepbl /
Preventive measures

0

4

1

0

Camonomouupb,
camomaccax /
Self-help, self-massage

KomnnekcHasa npoTueo-
oTeuHas Tepanus / maHy-
anbHbI nuMmdoapeHax /
Complex decongestive
therapy / manual lymphatic
drainage

12

KomnpeccnoHHasa Tepanus /
Compression therapy

MepemeHHas NHEBMOKOM-
npeccus / Intermittent
pneumatic compression

Metogukum JIOK / Exercise
therapy techniques

10

CunoBble TPEHNPOBKM
c otAroweHuem / Strength
training with weights

12

Jleue6HanA ruMHacTNKa

B 6acceline /

Therapeutic gymnastics in
a swimming pool

HunskounHTeHcnBHOE Nasep-
HOe nsnyyeHune /
Low-intensity laser radiation

KuHesnortennuposaHue /
Kinesio taping

AnnapaTtHas ¢pusunorepa-
nuA (yaapHo-BONIHOBaA
Tepanus, MarHUToTepa-
nuA, NeKTPoCTUMYnsA-
uma un gp.) / Instrumental
physiotherapy (shockwave
therapy, magnetotherapy,
electrostimulation, etc.)

Urnopednekcotepanua /
Acupuncture

MuodacumanbHbie me-
Toppbl, riora / Myofascial
techniques, yoga

NHTepaKTUBHbIE BMe-
waTenbcTBa / Interactive
interventions

Apyrue / Others

UToro / Total

82

48

! Physiotherapy Evidence Database. Available at: https://search.pedro.org.au/search (Accessed March 5, 2024).

ARTICLES

M3IIATH | TV 13 VAONVHMIAY ‘A YNVILVL

43



ATIXAHOBA T.B. 1 OP. | OB3OPHAA CTATbA

44

Topom JIOK. 310 mccneposaHue nopTeepauno 6esonac-
HOCTb PaHHUX GU3NYECKUX YNPaKHEHWUI Ha Neun C Npo-
rPeCcCMBHbBIM yBeNMYEHMEM Harpy3ku 6e3 3HaunTeNbHOro
yBenMueHnsa BO3HMKHOBeHUA numbenemMbl yepes 2 rofa,
yacToTa BO3HMKHOBEHUA KOTopou coctaBuna 13,8 %, uto
COMOCTaBUMO CO CPeAHVMU NOMYAALNOHHBIMU AAaHHBIMU.

Sagen A. et al. cpaBHUAN KOHTpPONMpPYyeMble yrpaxHe-
HWA C HU3KMM conpoTusrieHnem (0,5 Kr), HauaTble yepes
2 [HA nocsie onepaumm, C 06bIYHbIM YXOLOM C OFpaHNYeHU-
eM aKTUBHOCTM Yy NaumneHToB ¢ puckom JICPI. Konnuectso
WHAMBUAYaNbHbIX YNPaXXHEHWI C CONPOTMBAEHNEM MOCTe-
MeHHO YBENUYMBANOChb C LieNblo MOBbILLEHNA MbILEYHON
Cunbl U BbIHOCAMBOCTU. B 06eunx rpynnax Habntoganach co-
nocTtaBnmasn yactoTa pa3suTtua JICPT B TeueHue 2-neTHero
nepuofa HabnogeHnsa, 6e3 3HaUMMbIX Pa3NUYN MeXOY
rpynnamu (pasmep apdekta —0,18), uto cBUOETENLCTBYET
0 6e30nacHOCTV NPUMEHEHNA MPOrpecCUBHO YBeNMYMBa-
IOLMXCA YMEPEHHbIX GpU3NYECKNX TPEHUPOBOK B paHHMe
CPOKM nocsie onepaumum MactakToMmumn ¢ numboanccekLm-
el permoHapHbIx numeaTnyecknx ysnos [15].

B wnccneposaHun Todd J. et al. (2008) coobuanocb
06 yBenuueHnn numdatuyeckoro ApeHaxa, korga epusu-
yeckue ynpakHeHus Gbinn HayaTbl B TeueHne 48 4yacoB no-
cne onepauun [16]. B nccnegosannm Oliveira M.M.F. et al.
(2018) Take 6blna NnoaTBEPKAEHA 6€30MaCHOCTb Ha3Hayve-
HMA GU3NYECKMX YNParKHEHWUI 1 NpoLlefyp MaHyaslbHOro
numooppeHaxa (MJ1[]) yepes 48 yacoB nocne onepaumm
mMacTakTomun [17]. CornacHO MMEeLWMMCA OaHHbIM, PaH-
HAA aKTUBHOCTb N GU3MYECKMEe YNPaKHEHWSA, €CSIN OHU Bbl-
MOMHAIOTCA MOCTENEHHO U MeASIeHHO nof HabniogeHuem
cneuymnanuctos JIOK, agnaiotca 6e3onacHbIMK 1 AaloT fjo-
NONHUTENbHYIO BbIrOZ4Y B BuAe YBeNMYEeHUA BbIHOC/INBO-
CTW, MbILUEYHOW CUIIbl U AMana3oHa ABVIXKEHNWI B NIeYeBOM
cycTaBe.

B KokpaHoBckom 0630pe (2015) 6bina nsyyeHa sdpodek-
TUBHOCTb NpodurnakTnyeckoro npumeHenua MJ11 no gaH-
HbIM 4 PK/ ¢ o6wmm KonnyecTBom yyacTHuKoB 385 ueno-
Bek [18]. 2ToT 0630p NpoAeMOHCTPUpPOBal, YTo 3pdeKTUB-
HOCTb BIMAHMA paHHero NpodunakTNnYeckoro HazHauyeHua
MI[ Ha puck numdenembl Bce elle ocTaeTcs Heonpepe-
NeHHOMN.

B paHpomusmnpoBaHHoM uccnegoBaHum Devoogdt N.
et al. (2011), BkntoyaBwem 160 nNayneHToOB, NPOOMNEPUPO-
BaHHbIX Mo noBody PMM c ogHOCTOpOHHEN NOAMbILLEYHON
AncceKkumen, B TeyeHne 6 mMecAUeB rpynna BmelLaTenb-
ctBa (n = 79) BbINOMHANA MPOrpaMMy JieyeHus, CoCTonA-
wyto n3 JIOK, MJ1 n pekomeHpaumin no npodunaktnke
numdatnueckoro oteka [19]. KonTponbHas rpynna (n = 81)
BbIMOMHANA TY e nporpammy 6e3 MJ11. LUenbto uccneposa-
HMA ABMUNOCH onpefeneHne npodurnakTnyeckoro sdpdpekra
M Ha pa3Buture numdaTyeckoro oteka pyKku, CBA3aHHO-
ro c PM>K. bbino yctaHOBMEHO, UTO Yepes 12 mecAueB nocse
onepawum COBOKYMHbIN ypoBeHb 3aboneBaemocTv numde-
OeMOol pyku Obll COMOCTaBMM B rpyrne BMeLlaTesbCTBa
(24 %) v KoHTponbHoM rpynne (19 %) (oTHoWeHNe WaHCoB
1,3; 95 % W 0,6-2,9; p = 0,45), uTO CBUAETENLCTBYET O He-
foctatoyHoln 3¢pdexkTnBHOCTM MJT[ B CHUKEHUM YaCTOTbl
numdenembl pyKun B KPaTKOCPOYHO NepcreKkTrBe.

B nccnepoBaHumn Zimmermann A. (2012) no m3yyeHuto
s¢pekTnBHocT MITJ gna npodunaktnkm JICPT npuHAnm
yyactme 67 KeHWWH, nepeHeclune onepauuilo Ha rpyau
no nosogy PMX [20]. Co BTOporo gHA nocne onepawuu
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naureHTKN OCHOBHOW rpynnbl (n = 33) nonyyanu npoueay-
pbl MJ1[, nayneHTKn KOHTPONbHOW rpynnbl (n = 34) He no-
nyyanu npouegypbl MJ1. bbino yctaHoBNEHO, UTO yepes
6 MecALeB nocne onepauun no nosogy PMX y naumeHToK
KOHTPOMIbHOWM TrPYMMbl, KOTOpPbIM He nposBogunacb MM,
Habnopanocb 3HaunTeNlbHOE YBenMyeHre obbema pyKu
Ha cTopoHe onepauun (p = 0,0033) No cpaBHEHWIO C OODb-
eMOM pPYKM [0 onepauuu. B pesynbrate mccnefoBaHusA
ObII0 YCTAHOBMIEHO, UTO CTAaTUCTUYECKM 3HAYMMOrO YBesu-
yeHVA obbema BepXHel KOHEYHOCTH Ha CTOPOHE onepaLmm
Y KeHLWMH, nepeHeclmx MJ1[], He Habnoganocb. 1o Uccne-
[OBaHNe AEMOHCTPUPYET, UTO, He3aBUCMMO OT TuMna one-
pauum 1 Konmyectsa yganeHHbIX NMbaTMuecKkmx y3nos,
Ha3sHaueHre MJ1[ s¢pdekTMBHO NpepoTBpaLliano numoe-
LeMy PYKM Ha CTOpOHe onepauummn. HecMoTps Ha To, UTo He-
obxoavMbl MoATBepPXKAaloLe uccnefoBaHns, 3ta paborta
NPOoAEMOHCTPMPOBana, Yto Ana NpodunakTnky numoeae-
Mbl PyKU criefyeT pacCMOTPETb BO3MOXHOCTb Ha3HaueHnsA
MJ1[ Ha paHHMX cTagmax nocne onepauun no nosogy PMK.

B nccneposanum Castro-Sanchez A.M. (2011) (n = 48)
oueHeHa 3QdEKTUBHOCTb yAepKMBaloLero 3i1acTMYHOro
opTesa n MJ1[] B npodunaktrke BTopruUHOWN numdeaembl,
pa3BUBLLENCA NOC/E MAaCTIKTOMUM MO CPABHEHUIO C KOH-
TponbHoM rpynnon [21]. NccnepoBanu guHamuky cnepy-
IOLLMX MOKa3aTesiei: KauecTBO XM3HU, CcOCTaB Tena, GyHK-
LMoHanbHaA oueHKa nneya, 6o5ib 1 06bemM KOHEYHOCTU
WCXOAHO M nocne 8-mecAYyHOro BMmellaTenbcTBa. ocne
nepuofa BMeLlaTeNbCTBa B SKCMEPUMEHTaNbHOW rpynne
OblIM BbIAABNEHbI YNy4lleHVA MO MOKa3aTeNAM KauecTBa
XN3HU, cofilepKaHNA BHEKNIETOUHOW KUAKOCTA U GYHKLMO-
HaJIbHOW OLeHKM 06beMa KOHEYHOCTU Ha CTOPOHE MaCTaK-
Tomum (p < 0,05).

NccnepoBaHuve, npoeefeHHoe Torres Lacomba M. (2010)
[22], Bknoyano 120 XeHWWH, nepeHecwnx onepayuto
Ha rpyan C McceyeHnem MOAMbILIEYHbIX NUMdaTUYECKIMX
Y3/10B, PaHAOMM3MPOBAHHbIX Ha 2 rpynmbl: Fpynna paHHewn
dunsnoTepanun nonyyana nporpammy, Bknoyaswyo MJ1,
Macca)k pyOLOBOIN TKaHW U yrNpa)KHeHWA C Nporpeccus-
HO yBENUUYMBAIOLWENCA HAarpy3kom C akTVBHbIMU [BUXe-
HuAMKN Ha $oHe Ga3oBol 0bpa3oBaTeslbHOM NPOrpamMmbl;
KOHTpOJIbHaA rpymnna nonyyana To/ibko obpa3oBaTesibHyo
nporpammy. Yepes 1 rog HabnogeHna m3 116 3aKoHUMB-
LUINX UCCNiefoBaHVe NauneHToB y 18 pa3BricA BTOPUYHBIN
numdatuyecknini otek pykmn (16 %): y 14 B KOHTPONbHOW
rpynne (25 %) 1y YeTblpex B rpynne BMeLaTenbcTea (7 %).
Mexrpynnosaa pasHuua 6bina goctoBepHou (p = 0,01);
OoTHoLWeHue puckos 0,28 (95 % AW 0,10-0,79). Takum 06-
pa3oM, YCTaHOB/IEHO, YTO [JaHHbIN KOMMIEKC MOXeT ObiTb
3¢ ¢deKTUBHbIM B Npodunaktuke BTOPUYHON numbenembl
Y KEHWWUH B TeYyeHne Kak MUHMMYM OAHOro roga mnocne
onepauwun no nosogy PMX.

MpepnonoxutenoHo, MJ1 ctTumynupyeT anbTepHaTUB-
Hble NyTW APeHNPOBaHUA NMMbbI, MO3TOMY €ro UCMosb30-
BaHME B paHHeM MocneonepaLMoHHOM Mnepuode MOXeT
YMEHbLWWTb 3acToli 6enKkoB B WHTEPCTULMANbHOM MpPo-
CTPaHCTBE 1 PUCK YBeNMYeHUA obbema KOHEeUYHOCTM B pe-
3ynbTaTe BOCManeHus, BTOPUYHOIO MO OTHOLUEHUIO K XW-
pypruyeckomy NoBpeXaeHunio, KoTopoe yxyaLwaet numdo-
APeHak N3 BepXHel KOHeYHoCTn [23, 24].

B nccneposanum Paramanandam V.S. (2022), Bkntouas-
wem 307 KEeHWUH, nepeHecnX NoAMbILEYHY NMOo-
Aunccekuumio no nosogy PMXK, aBTopbl npecnefoBanu Lenb:
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onpepennTtb, NpefoTBpallaeT N1 npodunakTnyeckoe nc-
Nnonb3oBaHNEe KOMMPECCMOHHbIX PYyKaBOB pa3BUTME OTe-
KOB pyK [25]. MauneHTKM OCHOBHOW rpynnbl B 4OMNOSIHEHNE
K 06blYHOMY MOC/eonepaLMoHHOMY yxody nosyyanu fBa
KOMMPECCMOHHbBIX pyKaBa [nA HOLIeHWA B Mocseonepaum-
OHHOM nepuofe B TeueHre 3 MecALeB Noce 3aBepLlueHmns
afbloBaHTHOrO fleyeHnsA. YacToTa pa3BUTMA OTEKOB PyK
B rpyrnne KOMNpeccun No CPaBHEHMIO C KOHTPOJIbHOW rpymn-
now coctasuna 0,61 (95 % W 0,43-0,85; p = 0,004) no no-
KasaTensm buounmMnegaHcHow cnekTpockonuu n 0,56 (95 %
11 0,33-0,96; p = 0,034) no nokasaTtenio yBennyeHns oonb-
ema pyku. [pegnonaraemas KyMynATUBHaA YacTOTa OTEKOB
pyk uepe3 1 rog Obina HUXKe B rpynmne KOMMIpeccuu, Yem
B KOHTPOJbHOW rpymnne, No nokasatensam bronmneaaHCcHoM
cnekTpockonuu (42 % npoTrB 52 %) 1 yBenmyeHus obbema
pyku (14 % npoTnB 25 %). ABTOPbI NPULWAK K BbIBOAY, YTO
npodurnakTnyeckoe NCnonb3oBaHNe KOMMPECCMOHHBIX PY-
KaBOB M0 CPaBHEHWIO C KOHTPONbHOW FPYMMNo yMeHbLINIO
1 OTCPOYMIIO BO3HUKHOBEHMNE OTEKOB PYK Y XEHLUVMH C Bbl-
COKUM PUCKOM pa3BuTuA numdeembl B TeHeHUE NepBOro
roga nocne onepauum no nosogy PMK.

B npoBefeHHOM paHAOMM3UPOBAHHOM UCCNEA0BaHUN
Gerasimenko M.Yu. et al. (2020) (n = 131) cpaBHUBanacb a¢-
$EKTUBHOCTb HN3KOYACTOTHOM HU3KOMHTEHCVMBHOWM MarHu-
ToTepanuu 1 GKTyopm3aLMmn NaeyeBoro nosAca U MbiLul
BEPXHMX KOHEYHOCTEN Ha CTOPOHE XMPYPrnyeckoro Bme-
WwaTenbcTBa B covetaHum ¢ JIOK n 6anaHcoTepanuei, 3a-
HATMAMMW Y MeAULMHCKOrO ncuxonora y 60sbHbIX B Teue-
Hue 2-4 gHen n yepe3 1,5-2 mecAua Nocne paguKkanbHOM
MacCTIKTOMUK. BblIo yCTaHOBNEHO, UTO paHHee Havaso me-
OVUVHCKONM peabunutaumm y nauneHToK nocse pagnkanb-
HOW MacTakToMUM (Ha 2-4-e CyTKM Mocne onepaTMBHOro
BMeLLaTeNnbCTBa) CNOCOOCTBOBANO yMeHbLUeHUo 60neBoro
CMHAPOMA M nocneonepauioOHHbIX OTEKOB, YBENMYEHUIO
LBVIXKEeHWI B NNeyYeBOM CycTaBe, NpodunaKkTrKe TAXKeNoro
numdocTasa 1 ynyuyLleHno KauecTBa Xun3Hu [26].

B npyrom mnccnegosaHun Evstigneeva 1.S. et al. (2022)
[loKasaHa Lenecoobpa3HOCTb BKIOUEHUA B KypC meau-
UVHCKOM peabunutaymmn npouefyp obuen MmarHuTtoTe-
panun 1 BO3LENCTBUA HM3KOYACTOTHbIM 3NeKTpoCTaTu-
YeCKM MoneM, YTo NMPUBOAUT K KynunpoBaHuio 6onesoro
CUHOPOMA, YMEHbLUEHUNIO MoCneonepaLMoHHOro oTeka,
60s51ee ObICTPOMY BOCCTaHOBNEHMWIO MOABUKHOCTU Mieye-
BOro cycrasa [27].

Take oTeYeCTBEHHbIMY YYEHbIMU YCTaHOBIEHA KNNHW-
yeckan 3GPeKTBHOCTb KOMMNIEKCHOMO NPYMEHEeHKA anna-
paTHoro numdogpeHaxa (nepemMeHHON NHEeBMOKOMMpeC-
cuu, MNMK) B paHHWe CPOKKU NOCe pagrKanbHOM MAaCTIKTO-
MUK, NPOABNAIOLLAACA B YMEHbLUEHM 60NEeBOro CMHAPOMA
1 nocneonepaLuoHHOro oTeka, yBennueHmm obbema aBu-
MKEeHWU B NneyeBOM CycTaBe, NpeaynpexxaeHnn passuTuA
TAXenom cteneHn numdocTasa [28].

Sman 2. lpumeHeHue Mmodesiu NpocNeKMuUeHo20 HabJio-
OeHus 014 8blA6JIeHUSA CyOKNUHUYecKoU luMgedembl

YCTaHOBNEHO, UYTO paHHee BblsBIEHNE CYyOKINHUYE-
ckon numdenembl PyKu B rpyrnnax BbICOKOro prcka MOXeT
YNyyWwmnTb pe3ynbTaThl NeYeHWA U OCTaHOBUTb Mporpec-
CMpOBaHME OTEKOB KOHEYHOCTM Mpu npumeHeHun [po-
cnekTBHOM Mmogenu HabntogeHnsa (NMMH) (The Prospective
Surveillance Model, PSM), npeanoxeHHON aMmepuKaHCKM-
M1 oHKonoramu B 2012 1. [29].
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MNpumeHeHne TIMH npegnonaraeT akTMBHOe Habsto-
[eHVe 3a nayueHTaMm B TeUyeHue OJINTENIbHOrO BpeMEHM,
HauMHasA C NpefonepaLoHHOro, paHHEero nocseonepauu-
OHHOrO Nepuofa C Lenblo MakCUMaJibHO paHHero BbiABe-
HUA CyOKNMHMYeCKoW numdeaembl 1 He3aMea INTeNIbHOro
BMeELLATeNIbCTBA, BKITIOYAIOLLEr0 KOMMNPECCUOHHbIN TPUKO-
Tak, CAMOMaCCaX, a Tak»Ke KypCbl KpaTKOBPEMEHHOW KOM-
nnekcHom npotnsooteyHor Tepanumn (KMT). B 6onblimnH-
CTBe MCCnefoBaHUA cooblanocb O MpoBeAeHUN npeg-
onepawyMoHHbIX N3MepeHnii obbema KOHeUYHOCTEN, TeCTOB
C ncnonb3oBaHMEeM OMOVMMMNEAAHCHON CMEeKTPOCKONUK
C nocnepyLWMMN NOCSIeoNepPaLMOHHbIMU N3MEPEHUAMY
Kaxgble 3 MecAua B cpokao 1rofa, a3atem 1 pa3 B Baroaa
B TeueHue 5 net [30-32]. B uccnegoBaHum spdpeKTMBHOCTA
NMMH BMmellaTenbCTBa HauMHaNWCb, Korga ycTaHaBnuBai-
CA AMarHo3 cybknuHuyeckon numdenembl M naymeHTam
Ha3Hayanacb KOMMNPeCCMOHHaA Tepanua U camoMacCaXk
KOHeuHoCTM [33]. ABTOpPbI YCTaHOBWAN, UTO NMPUMEHEHNE
NMMH no3BonaeT ycTaHaBnMBaTb CyOKNMHUYECKYO Gopmy
JICPT y 34 % nauvneHTOB, oneprpoBaHHbIX Mo nosogy PMK;
y 82 % naumeHToB npumeHeHne NMMH okazanocb 3¢dek-
TMBHbIM. ECnn numdepema coxpaHanacb 6onee 4 Hepenb
WM NporpeccrpoBana, PekoMeHOOoBanochb AanbHerliee
BMeLlaTenbctBo — 1-a dasza KIT.

Tak, B PKU no a¢pdektnBHocTM MMH (n = 753) nayuneHTbl
6blIM paHAOMU3MPOBaHbl Ha 2 rpynnbl: y 188 nauneHTok
OCHOBHOW rpynnbl NpuMmeHsanacek NMH (nposogunack 6ro-
MMnedaHCHasA CNeKTPOCKONUA [O onepauun 1 B TeueHne
90 aHen nocne onepaunn), 285 XEHWMUH KOHTPOSIbHOMN
rpynnbl 6bIAN OTHECEHDI K FPYNNe «TPpaauLUMOHHOro Habto-
LeHVA», B KOTOPOW HabniogeHne Havyanu uvepe3 90 aHewn
nocne onepauuun. Yepes rogy 39 % nauneHToK B Tpaguum-
OHHoOW rpynne HabniogeHna Obina AnarHOCTUPOBaHa Kiu-
Huyeckaa numdenema I-lll ctagum npotme 14 % B rpynne
paHHero HabntogeHus (p < 0,001), a Takke y 24 % 6binn
BblABNEHbI 6onee Taxenble ctaguu (-1l ctagusa) no cpas-
HeHWIo C TaKOBbIMY B rpynmne paHHero HabnogeHua (4 %).
Takum obpa3om, faHHble ccnefoBaHnA NogTBepPAUIN 3¢-
¢beKkTnBHOCTb NpumeHeHns NMMH ¢ ncnonb3oBaHuem 6ro-
MMMeJaHCHOW CMeKTPOCKONUK AJ1IA PaHHero BblABEHNA
1 He3amepnunTenbHoro neveHna JICPT [34-36].

3man 3. lfpumeHeHue husuvecKUXx MpeHUpoBoK ¢ npo-
2peccusHbIM yeeniuyeHUeM HAzpy3Ku ¢ omszoujeHuem
6 No30HeM nocsieonepdyuoHHOM nepuode nocJie onepa-
yuu no noeody PMXX unu npu cy6knuHuyeckol numgpe-
deme

Coobuaetca, yto 6e3onacHO Ha3HauyeHue Ousnye-
CKMX YMpPa)KHEHWI C MPOrpeccuBHO YBeNNYMBaloLLEeNCca
Harpyskon B 6onee Mo3gHUIA MOCNeONepPaLNOHHbIN Me-
pviod, HaunHaa ¢ 4-6 Hegenb nocne onepauumn [37-42].
Bbino yctaHoBneHo, uTo dr3nyecKme TPEHNPOBKY C OTA-
roweHvem 6e3onacHbl ANA XeHLWWUH, NnepeHeclwnx pagn-
KanbHoe xupypruyeckoe neyeHne PMX, n He yxyawatot
CMMMTOMbI MnMdenembl, cBAzaHHoN ¢ PMXK [43-45]. MNpo-
BefleHHoe uccnegosaHne Ammitzboll G. (2019) He BbI-
ABWUIIO [OKa3aTenbCcTB npodunaktnyeckoro spdpekta du-
3MYECKNX TPEHMPOBOK C OTAroLeHnem Ha pa3sutue JICPT
[46]. Opyroe nccneposaHue [47] c ncnonb3oBaHnem 8-He-
LenbHbIX PU3NYECKNX TPEHNPOBOK C OTATOLLEHNEM Yepe3
4-6 Hefenb Nocsie onepayunmn He BbIABUIIO CYLLEeCTBEHHbIX
pasnununin mexay rpynnoy BMellaTenbCcTBa Y KOHTPOJIb-
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HOW rpynnow cpasy nocsie BMellaTeNbCTBa UAK Npu 6-me-
cAYHOM HabnogeHun. MonyyeHHble faHHble NoATBEPXAa-
0T 6€30MacHOCTb PU3NUYECKMX TPEHNPOBOK C OTATOLLEHN-
emM Ana nauymeHTos, cTpagatowmx JICPI. B npoBegeHHbIX
PKWN penaeTca BbiBOA, UTO YMpPaXKHEHUA C OTArOLEHNEM
6e3onacHbl 1 He ycyrybnsawot JICPT [48, 49]. B nccnepo-
BaHMM Musanti R. (2012) coobuwanocb 0 3HAYUTENTbHOM
YMEHbLUEHNN YMNCNA KEHLLMH, Y KOTOpbIX pa3BMBanacb
JICPT B rpynne, 3aHMMaBLUENCA TAXKENON aTNeTUKown, no-
cne 1 roga TpeHnpoBok [50]. OgHako B ABYX MCCnefoBa-
HUAX C 6onee KOPOTKOW MPOAOIKUTENBHOCTBIO YMpaX-
HEeHUIN He coobLanocb O BAVAHUN YNPaKHEHUI HA 06b-
eM KOoHe4yHocTu [48, 51], BblpaXeHHOCTb CUMMATOMOB NN
TaxecTb JICPT [48]. CpaBHeHUe 12-HefenbHbIX a3POOHbIX
N CMNOBbIX YNPaXHEHWI He BbIABUIO Pa3nnunii B YactoTe
pa3sutuma JICPT [52].

3man 4. HemedukameHmMo3Hble emewamesibcmea npu
ymepeHHoU u no3dHel numgedeme / Il u lll knuHuyeckux
cmaodusax

Ha 4-m 3Tane npu pa3BuBLLENCA YMEPEHHOW W MO34-
Hell numdegeme (Il v Il KnnHnueckne ctagum (International
Society of Lymphology [53]) nauveHTam, nepeHecwum
paavkanbHoe neyeHvie no nosogy PMXK, pekomeHgytoTca
cnegyoume HemeKaMeHTO3Hble BMellaTeNbcTea [55-63]
(punc. 2).
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CraHpaptom neveHunsa naumeHtoB ¢ JICPI Asnaetca
KMAT [53] — MHOroKOMMNOHEHTHaA TEXHOJIOMMSA, COCTOALLaA
13 ¢a3bl MIHTEHCUBHOIO JIeYEHNA 1 NocneaytoLlen nogaep-
Xusatowwen dasbl [54].

B AoBYx nMpoBeAeHHbIX MCCnefoBaHMAX MOKa3aHo, YTo
AN 3HAUMTENbHOTO YMeHblUeHA obbema numbenembl
KOHEYHOCTU HEOOXOANMO NpoBefeHne Kak MUHUMYM 3-He-
LenbHOM HTEHCMBHOWM ¢a3bl KIMT [55].

KAT Bkntoyaetr MJI[1, HanoeHne MHOrOCIIOMHON KO-
POTKO-3/1aCTUUYHOM KOMMPECCMOHHOM MoBA3KW/6aHAaxa
Ha 23 yaca u/unu perynnpyemble HepacTAXMMble KOMNpec-
CUOHHbIe GaHZaXM Ha NIMNYYKe, YNPaXXHEHUA ANnA ynyylle-
HUA nuMoTOKa [56] 1 TIWaTeNbHbIN YXOF, 33 KOXKel 3auHTe-
pecoBaHHoN KoHeuHocTn [57]. MJ1[, no-Buagnumomy, ctumy-
nupyet numdo-numdartnyeckre nnm nMMoOBEHO3Hble aHa-
cTtomo3bl [58]. CnocobHocTb MJI[] obneryatb TpaHcnopT
numbl Obina NPOAEMOHCTPMPOBaHa C NomoLLbio dnyopec-
LUeHTHoM numdorpadumn ¢ NHZOLMAHMHOM 3eneHbim [59],
YTO NOTEHLMANBbHO MO3BOJIAET NEePCOHANN3NPOBATL feyve-
Hue npu JICPT [60]. Mocne 3aBepLueHNA UHTEHCMBHOW da3bl
KMNT naumeHTbl NnepexoaaT K ¢hasze AnnTeNIbHOro nogaeprka-
HUSA, KOTOpPas BK/OYAET B cebAa CaMOCTOATENbHOE fleyeHme
numéenembl C UCNONb30BAHNEM JHEBHbLIX Y HOYHbIX KOM-
NPECCUMOHHbIX M34ennii, PU3NUYecKNX ynparkHeHU, yxoda
3a Koxewn, MNMNK B goMawHUX yCNoBUAX 1 CAaMOCTOATENbHO-
ro MJ1a [61].

MauueHTbl ¢ JICPT II-1l ctapuid (ISL) /
Patients with stage IlI-1ll of BCRL

KoHcepBaTUBHbIe MeToAbl fieyeHus |
Conservative treatment methods

Xupypruueckne metoabl neyeHus |
Surgical methods of treatment

| !

~
HemepgykameHTo3Hasa Tepanus /
Non-drug treatment

JNekapcTBeHHasA Tepanus /
Drug treatment

PefyKUMOHHbIe / MuKpoxupypruyeckue /
Reduction Microsurgical

-
e KoMMn/iekCHas NpoTMBOOTEYHAA
Tepanus (MaHyasibHbIiA

OKCNEPUMEHTA/IbHBIN
atan / Experimental stage

e
® /IuMdO-BEHO3HbIE
aHacTomosbl /

Jlvnocakums /
Liposuction

nmdogpeHax, baHaaxnpoBaHme
pyky, nevyebHas rumHacTmka
B 3aU1e, yxop, 3a Koxelt) / Complex
decongestant therapy (manual
lymphatic drainage,
armbandaging, therapeutic
gymnastics in the gym, skin care)

e [lepeMeHHas NHeBMOKoMMpeccus /
Variable pneumatic compression

e KomnpeccunoHHas Tepanus /
Compression therapy

® HN3KOMHTEHCUBHOE /1a3epHoe
nsnyyeHve / Low-intensity laser
radiation

e MarHutoTtepanus /
Magnetotherapy

%

Puc. 2. Cxema meTtonos neuenns npu JICPT
Fig. 2. Scheme of treatment methods for BCRL

Lymphovenous
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e TpaHcnaHTauus
BACKY/NSAPU3NPOBaHHbIX
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MpumeHeHne B nogaepxmBatowen dpasze KMNT ynpax-
HEHWUI C OTArOLWEHNAMN OKa3anocb 6e3onacHbIM 1 Npo-
LEeMOHCTPUPOBaNo yMmeHbleHne obbema pyk npu JICPT
[62]. MocKonbKy KOHTPOJb 3a NMMATMUYECKMMN OTeKa-
MU OCYLLECTBAETCA MOXM3HEHHO, cobnoaeHne 3Toro
C/TOXHOTO MYNIbTUMOZANIbHOTO peXnMa CTaHOBUTCA bpe-
MeHeM A1 MHOTMX NauneHToB, nepexmswnx PMX [63,
64].

0630p 16 PKM (2010) He BbIAABMA KOHCEHCYCa OTHO-
cntenbHo 3ddekTnBHocTn Tonbko MJ1L [58]. OpgHako
Ha npakTuke MJ1[] ncnonb3yeTcs B OCHOBHOM KaK OfWH
n3 komnoHeHToB KIT. B gBYXx 0630pax [65, 66] fokasaHo,
yto NprMmeHeHne MJ1[] B Komnnekce ¢ KOMNPECCUOHHbIM
neyeHreM MOXET CocobCTBOBaTb YMEHbLLIEHMIO OTEKOB.
B HepaBHeM cucTemMatMyeckom 0630pe M MeTaaHanu-
3e 11 PKW pobasneHve MJ1[] K KOHTPONIbHOMY NeyYeHmio
6bINI0 CBA3AHO CO 3HauuTeNbHbIM (p = 0,02) ynyulueHnem
WHTEHCMBHOCTK 60N, @ TaKXKe CHUXXEHMEM YacCToTbl pas-
BUTMA NuMbeaeMbl KOHeYHOCTH [67].

PeTpocneKkTrBHbIN aHann3 250 nayMeHTOB, NepexmnB-
wmx PMX, npowepwmnx B 2007 r. neyeHne c nomoubto KMT
(55 %), M (32 %) nnn goMawHen nporpammbl (13 %),
noATBEPAUN, YTO 3TN PecypCcoeMKme MeTobl B COBOKYI-
HOCTU 3G dEKTNBHDI: CpefiHee YyMeHblueHe obbemMa M-
depembl Ha 47 % 3a 1 roa (p < 0,0001) [68].

Pujol-Blaya V. et al. (2019) wuccnepgoBanu >¢dek-
TUBHOCTb perynupyembix 6aHpaxHbix cuctem CircAid
Reduction (Medi, CLLIA) Kak anbTepHaTUBY CaMOCTOATENb-
Homy GaHgaxkuposaHuio npu KMNT [69]. Tak, B rpynne, no-
nyuauwen CircAid Reduction, 6b110 BOCTUTHYTO cOMoOCTa-
BMMOE YMeHbLLeHne o6 bema C MHOTOCIOMHbIM GaHfaXKem
13 GMHTOB KOPOTKOM pacTaxumocTtun (—133,8 = 232,1 mn
npotus —106,2 + 148,6 mn).

Tsai H.J. et al. [70] cpaBHWUAK KMHE3MOTENNMPOBaHMe
(KT) ¢ KOPOTKO PacTAKMMbIMU KOMMPECCUOHHBbIMU GaH-
Jaxxamu y naymeHTos co Il m Il craguamm JICPT. O6e rpyn-
Mbl MONYYanu CTaHZapTHOE JieyeHne, COCTOALLEe U3 YXO-
fa 3a koxen, 1 yaca MNMK, 30 muHytT MJ1J n dm3smyeckmx
ynpakHeHni. XoTaA B rpynne ¢ 6aHha)kamu Habnoganocb
6osbluee ymeHblleHe 06bemMa KOHEUHOCTEN, OHO Cyllie-
CTBEHHO He OTNMYyanocb (baHaaxnposaHue: 81,4 mn; KT:
51,3 mn; p >0,05).

YctaHoBneHo, uto npumeHeHue MK B KauecTBe fgo-
nonHexnnsa K KMNT npuBognT K 4ONONHUTENBHOMY YMEHb-
WeHno cpefHero obbema KOHEUYHOCTU MPU UCMONb30-
BaHMW KaK Ha HayafibHOM 3Tane fieyeHus, Tak U Ha dTane
nopaepkaHua [71]. ABTopbl cuctematmyeckoro o6sopa
(2012) npuwnu K BbiBOAY, UTO MMK MOXET 0becneunTb
npuemMnemblii MeTof neyeHna Ha JOMY B [OMOJSHeHue
K HOLIEHNI0 KOMMPECCMOHHbIX PYKaBOB Y HEKOTOPbIX
nayneHToB ¢ numdepemon [72]. B HacToAwee Bpems
pa3paboTaHO HOBOE HEMHEBMATMYECKOe HOCUMOE KOM-
NpPeCccUOHHOE YCTPONCTBO, OCHOBAHHOE Ha rpagueHTHOM
oKaTum nop AencTBMEeM 3N1EKTPUYECKOro ToKa Matepua-
na ¢ namaTblo GopMbl, KOTOpPOe He TpebyeT OT NaLMeHTOB
HeNoABMXHOCTN BO BpeMA mcnonb3oBaHuAa (Dayspring,
Koya Medical, USA) [73].

dddpekTnBHOCTM npoBegeHma [MMK B AgomMawHux
YCNOBUAX MOCBALWEHO 5 cTaTel HW3KOro Kavectsa [71,
74-771.

Szuba A. et al. [71] nccneposanu gobasneHne 1 yaca
npouegypbl MNMK (c pabounm gasneHnem 40-50 mm pT. CT.)
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K camocTtoaTenbHoMmy MJI M KOMAPECCUOHHOMY TPUKO-
Taxy (Il Knacca), utTo NpuBeNno K 6oNblEMY YMEHbLUEHWIO
o6bema (M1 + MMK: Ha 45,3% (p < 0,05) No cpaBHeEHWIO
€ 26,0% B rpynne 6e3 MK (p < 0,05). Fife C.E. et al. [74] cpaB-
Hunw MK ¢ ycoBepLueHCTBOBaHHOW annapaTHOW MHeBMa-
Tnuyeckon komnpeccmein (YAINK) (Flexitouch, USA). B rpynne
YATNK ynyywmnnmcb nokasaTtenn no CpaBHEHWIO C rPynnomn
ctaHgapTHo MK (=29 % npoTtne +16 %; p = 0,18) C MeHb-
LUIVM KONMYECTBOM HeXenaTenbHbIX ABEHUN.

Wilburn O. et al. [75] cpaBHMAM camoOMacca)k B KOM-
njekce ¢ KOMNPeccMoHHbIM TpukoTaxkem ¢ YATIK. B rpyn-
ne YAINK o6bem ymeHbwunca (—208 + 157 mn; p = 0,002),
Torga Kak B rpynne camoctoAatenbHoro MJ11 yBennunnca
(+52 £ 106 mn; p > 0,05).

Ridner S.H. et al. (2010) [76] oueHMBann Ucnosnb3oBa-
Hue YATK gnsa camoctoAatenbHoro neyenua JICPT ¢ oTte-
KOM TYNOBMLLA, U, XOTA 3HAUUTESIbHOTO M3MEHEHUA 06b-
ema He 6bI10 gocTurHyTo (—2,51 + 5,77 cm), nponsoLwwsno
ynyylieHne cy6bekTUBHbIX cumnTomoB (p = 0,02). B no-
cnegyowem nccnepgosaHum Ridner S.H. et al. (2012) [77]
oueHunn ncrnonb3oBaHue YAINK ana neyeHus naymneHToB
co Il ctapmen JICPI 6e3 oteka TynoBuwa. ABTOpbl CpaB-
Hunun YATIK ¢ BO3aencTBmMem Ha TynoBuLe, TPYAb U PYKY
M TONbKO Ha pyKy. B o6eunx rpynnax Habnoganocb cono-
CTaBUMOE CTAaTUCTMYECKM 3HAYMMOEe yMeHblleHne 06b-
ema (p = 0,02) 6e3 Kaknx-nnbo nob6ouHbIX 3PPeKToB. AB-
TOPbl NPULAN K BbIBOAY, YTO NleYeHre OTeKOB Ty/0BMLLa
¢ nomoubto YATK moxeT okasaTbcA 6ecrnonesHbiM npu
OTCYTCTBMM OTeKa TynoBULLaA.

OzpaHu4eHue uccs1e008aHuUs
e B HacToAwwem 0630pe NpoBefeH aHanm3 c UCNOfb-
30BaHMeM TONbKO OAHO JoKa3aTeNbHOWM 6a3bl faH-
Hbix no ¢u3moTepanum — Physiotherapy Evidence
Database (PEDro), University of Sydney.
e [IpoaHanu3supoBaHbl nNpenmyiectBeHHO PKW, cu-
cTemaTuyeckme o630pbl 1 MeTaaHanun3bl.
MonyuyeHHble AaHHble MOTyT OblTb KCMONb30OBaHbI
B POCCMIACKOW NPaKTNKe OHKOMNOroB, COCYAUCTbIX XMPYpP-
ros, ¢o13moTepaneBToB M CNeUnasncToB Mo MeaULUH-
cKou peabunuTayumn.

3AKJNIOYEHUE

[nAa cCHUXeHMA pUcka pasBUTUA U NPOrpPeccMpoBaHmnA
JICPT po TaKenblX KNMHUYECKMX CTagui numeaTtmyecko-
ro oTeKa AOJIKHbI NPVMEHATLCA COBPEMEHHbIE METOANKN
JIOK ona nosblweHNsa GpU3NYECKON aKTUBHOCTA C Liebio
KOHTPONA 3a BECOM Tefa, akTMBHO MCMOMb30BaTbCA 06-
yvawole MeToanKn no caMomMaccay, CaMoCToATeNIbHO-
My HaNIO>KEHUIO KOMMPECCMOHHBIX baHfaxken, 3pdeKTnB-
HOCTb KOTOPbIX JOKa3aHa B MHOro4YncneHHbix PKW n cu-
cTeMaTmyeckmx ob63opax 1 MeTaaHannsax, NPoBeAEeHHbIX
3a nocneaHue gecaTuneTus.

«30/10TbIM CTaHAAPTOM» KOHCEPBATUBHOIO JleyeHuA
JICPT octaetca KIT, ocHoBon KoTopown asnaetcAa MJIM.
BmecTe ¢ 3TMM onpaBfAaHHbl 6osiee WNPOKoe NpUMeHe-
HMe N pa3paboTka HOBbIX METOAMK amnmnapaTHOro naum-
doppeHaxa, ummtupytowmnx MJ1T — BblCOKOpeCypCHbIN
1 3aTpaTHbI MeTog neyeHua npu JICPT. AnAa noareep-
feHna KnuHuyeckon addexktnsHoctn YAMK, nmntumpyto-
wen MJ1M, TpebyeTca npoBefeHne AONOAHMTENbHbIX PKU
C OLleHKO OTfasNIeHHbIX pe3ynbTaToB neyeHus.

M3IIATH | TV 13 VAONVHMIAY ‘A YNVILVL

47



ATIXAHOBA T.B. 1 OP. | OB3OPHAA CTATbA

48

BECTHUK BOCCTAHOBUTENIbBHOM MEQULIUHBI | 2024 | 23(3)

OOMNOJIHUTEJSIbHAA UHOOPMALIUA

AnxaHoBa TaTbsiHa BanepbeBHa, JOKTOP MeAULNHCKUX
HayK, MMaBHbI HayYHbI COTPYAHUK oThena ¢usmnotepannm
n pednekcorepanuu, OIrbY «HaunoHanbHbI MEAUUNHCKIAT
NcCnefoBaTeNibCKU LIEHTP peabunutauum n KypopTonormms»
MwuH3zpgpaBa Poccun.

E-mail: apkhanovatv@nmicrk.ru;

ORCID: https://orcid.org/0000-0003-3852-2050

KoHuyroBa TatbAHa BeHepnKTOBHa, JOKTOp MeAMLUH-
CKMX HayK, npodeccop, FaBHbI HayUHbI COTPYAHUK OTAena
dusnoTepanum n pedpnekcotepanuu, 3asegytolasn kadbenpon
BOCCTAaHOBUTESIbHO MeAULIVIHDI, GV3NYECKOW Tepanun n meau-
LUMHCKom peabunutaumm OIrBY «HaumoHanbHbIN MeAULIMHCKAIA
nccnefoBaTeNlbCKU LIEHTP peabunutauum n KypopTonormms»
MwuH3zppaBa Poccuu.

ORCID: https://orcid.org/0000-0003-0991-8988

Kynbunukaa lerennHa BopucoBHa, JOKTOP MeAULIMHCKNX
HayK, npodeccop, rnaBHbI HayUYHbI COTPYAHUK OoTAena
dunzmoTepanum n pedpnekcotepanum, ®IBY «HaumoHanbHbIN
MeOVLNHCKUA NCCNefoBaTeNbCKNM LIeHTP peabunutaunm u Ky-
popTonoruv» MunHsgpasa Poccun.

ORCID: https://orcid.org/0000-0002-7785-9767

IOpoBa Onbra BaneHTMHOBHA, JOKTOP MeAULUHCKUX Ha-
YK, npodeccop, 3amecTTeNlb AUpeKTopa Mo HayuyHow paboTte
n obpaszoBaTenbHou aeaTenbHocTy, OIBY «HaunoHanbHbIN
MeOULUHCKUA NCCNefoBaTeNbCKNM LeHTP peabunutauunm u Ky-
popTonoruv» MunHsgpasa Poccun.

ORCID: https://orcid.org/0000-0001-7626-5521

CraxkknHa EneHa MuxamnoBHa, KaHanaaT MeanUMHCKUX Ha-
YK, BOLIEHT, BeAyLLMIA HayYHbI COTPYAHUK OTAeNna opToneanu,
6UOMeEXaHVKK, KNHe3MOoTepanumn 1 maHyanbHoi Tepanun, Orby
«HawLnoHanbHbIN MeaUMHCKNIA NCCnefoBaTeIbCKUM LLEHTP pe-
abunutaummn n Kypoptonorum» MuHsgpasa Poccuun.

ORCID: https://orcid.org/0000-0003-4612-5119

Mapdo¢uHa TatbAHa BnagummnpoBHa, HayuHbIli COTPYAHUK OT-
naena ¢pusmotepanun n pedpnexkcotepanuu, OrbY «HaymoHanb-
HbIi MEAVLNHCKNIA UCCNefoBaTeNIbCKUI LeHTP peabunutauum
1 KypopTonorum» Muxsgpasa Poccun.

ORCID: https://orcid.org/0000-0002-2553-1946

Aracapos JleB leopruesuny, JOKTOP MeAMLMHCKNX HayK, NPo-
deccop, raBHbI Hay4HbI COTPYAHVK OTAeNa dusmotepanum

n pednekcotepanuu, OrbY «HaumoHanbHbI MEANLUNHCKIN
nccnepoBaTesibCKU LEHTP peabunmtaumm n KypopTonormm»
MwuH3gpaBa Poccun.

ORCID: https://orcid.org/0000-0001-5218-1163

BacunbeBa Banepua AnekcaHapoOBHa, KaHAMAAT Meau-
LMHCKMX HayK, CTapLIN Hay4HbI COTPYAHUK OTAENa Coma-
TUYECKOW peabunutauun, penpoayKTMBHOMO 340POBbA 1 aK-
TuBHOro gonronetus, OrbY «HaunoHanbHbII MeOULMHCKII
nccnepoBaTesibCKU LEHTP peabunmtaumm n KypopTonormm»
MwuH3gpasa Poccun.

ORCID: https://orcid.org/0000-0002-6526-4512

bepeskunHa EneHa CepreeBHa, kKaHamaaT OMONOrMYeckrx Ha-
YK, HAYYHbI COTPYAHUK OTAeNa 6MOMEANLIMHCKIX TEXHONOT A,
OrbY «HaumoHanbHbIN MeAUUNHCKUA UCCiefoBaTeNbCKUN
LeHTp peabunutauum n Kypoptonorum» MuHsgpasa Poccun.
ORCID: https://orcid.org/0009-0006-7416-3381

Bknap aBTOpOB. BCe aBTOpbI NOATBEPKAAIOT CBOE aBTOPCTBO
B COOTBETCTBUN C MexKAyHapoaHbiMu Kputepuamm ICMJE (Bce
aBTOPbl BHEC/IN 3HAUUTENbHbIN BKNaA B KOHLUENUMIO, AN3alH
nccnepoBaHUA U NOAFOTOBKY CTaTbW, MpounTanu n ogobpu-
NN OKOHYaTeNbHbIA BapraHT Ao nybnukauyum). Hanbonbwnin
BKNlaj pacnpepeneH cnegyowmm obpasom: Konuyrosa T.B.,
AnxaHoBa T.B., Kynbunukas [1.6., Aracapos J1.I. — koHuenums,
OM3alH, aHann3 MCTOYHUKOB, MOArOTOBKA TEKCTa, pefakuus;
fOpoBa O.B. — 3aknioueHune, yyactme B 0fo6peHnn OKOHYa-
TenbHoOM Bepcun ctatby; CTaxkuHa E.M., Map¢wHa T.B., Bacu-
nbeBa B.A. — nouck ncTtouHuKoB B 6a3ax gaHHblx; bepesku-
Ha E.C. — npoBepkKa 1 pefakTmpoBaHue pyKonmcu.
UcTouHnkn ¢puHaHcmpoBaHuA. ABTOpbI 3aABAAT 06 OT-
CYTCTBUW BHelHero GprHaHCMPOBaHUA NPV NPOBeAeHUN UC-
cnefoBaHus.

KoHdnukr nutepecoB. KoHuyrosa T.B. — npepcepatens
pefakLuMOHHOIo coBeTa XypHana «BecTHMK BoccTaHOBMU-
TenbHOWM MegnuuHbl», lOpoBa O.B. — 3amecTuTenb rmaBHOro
pefakTopa XypHana «BecTHMK BOCCTaHOBUTENbHOW MeANLIN-
Hbl». OCTanbHble aBTOPbI 3asABAAT OTCYTCTBME KOHMNMKTA
NHTEepPEeCos.

[ocTyn K AaHHbIM. [laHHble, NOATBEPXKAAOLLME BbIBOLbI STOFO
nccnefoBaHUA, MOXHO NMOyYnTb MO 060CHOBaHHOMY 3amnpocy
Yy KOppecnoHAMpYoLEero aBTopa.

ADDITIONAL INFORMATION

Tatiana V. Apkhanova, Dr.Sci. (Med.), Chief Researcher,
Department of Physiotherapy and Reflexology, National
Medical Research Center for Rehabilitation and Balneology.
ORCID: https://orcid.org/0000-0003-3852-2050

Tatiana V. Konchugova, Dr.Sci. (Med.), Professor, Chief Researcher,
Department of Physiotherapy and Reflexology, National Medical
Research Center for Rehabilitation and Balneology.

ORCID: https://orcid.org/0000-0003-0991-8988

Detelina B. Kulchitskaya, Dr.Sci. (Med.), Professor, Chief
Researcher, Department of Rhysiotherapy and Reflexology,
National Medical Research Center for Rehabilitation and
Balneology.

ORCID: https://orcid.org/0000-0002-7785-9767

Olga V. Yurova, Dr.Sci. (Med.), Professor, Deputy Director for
Science and Professional Education, National Medical Research
Center for Rehabilitation and Balneology.

ORCID: https://orcid.org/0000-0001-7626-5521

Elena M. Styazhkina, Ph.D., Cand. Sci. (Med.), Associate
Professor, Leading Researcher of the Department of
Orthopedics, Biomechanics, Kinesiotherapy and Manual
Therapy.

ORCID: https://orcid.org/0000-0003-4612-5119

Tatyana V. Marfina, Researcher, Department of Physiotherapy
and Reflexology, National Medical Research Center for
Rehabilitation and Balneology.

ORCID: https://orcid.org/0000-0002-2553-1946

Lev G. Agasarov, Dr.Sci. (Med.), Professor, Chief Researcher,
Department of Physiotherapy and Reflexology, National
Medical Research Center for Rehabilitation and Balneology.
ORCID: https://orcid.org/0000-0001-5218-1163

Valeriia A. Vasileva, Cand. Sci. (Med.), Senior Researcher, of
Somatic Rehabilitation, Active Longevity and Reproductive
Health Department, National Medical Research Center for
Rehabilitation and Balneology.

ORCID: https://orcid.org/0000-0002-6526-4512

CTATbU




BULLETIN OF REHABILITATION MEDICINE | 2024 | 23(3)

Elena S. Berezkina, Ph.D. (Biol.), Researcher, Department of
Biomedical Technologies, National Medical Research Center
for Rehabilitation and Balneology.

ORCID: https://orcid.org/0009-0006-7416-3381

Author Contributions. All authors acknowledge authorship
according to the ICMJE international criteria (all authors made
significant contributions to the conception, study design and
preparation of the article, read and approved the final version
before publication). The largest contribution was distributed
as follows: Konchugova T.V., Apkhanova T.V., Kulchitskaya D.B.,
Agasarov L.G. — concept, design, source analysis, text
preparation, revision, Yurova O.V. — conclusion, participation

in approval of the final version of the article; Styazhkina E.M.,
Marfina T.V., Vasileva V.A. — search for sources in databases;
Berezkina E.S. — writing-review & editing.

Funding. This study was not supported by any external
funding sources.

Disclosure. Konchugova T.V. — Chair of the Editorial Council
of the Journal “Bulletin of Rehabilitation Medicine”, Yurova
O.V. — Deputy Editor-in-Chief of the Journal “Bulletin of
Rehabilitation Medicine”. The other authors declare no
conflicts of interest.

Data Access Statement. The data that support the findings
of this study are available on reasonable request from the
corresponding author.

Cnucok nutepaTtypsbl / References

Sung H., Ferlay J.,, Siegel R.L., et al. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185
Countries. CA: a Cancer Journal for Clinicians. 2021; 71(3): 209-249. https://doi.org/10.3322/caac.21660

2. Ahmed R.L,, Prizment A, Lazovich D, et al. Lymphedema and quality of life in breast cancer survivors: the lowa Women's Health Study. Journal of
Clinical Oncology. 2008; 26(35): 5689-5696. https://doi.org/10.1200/JC0.2008.16.4731

3. DiSipio T, Rye S., Newman B., Hayes S. Incidence of unilateral arm lymphoedema after breast cancer: a systematic review and meta-analysis. The
Lancet. Oncology. 2013; 14(6): 500-515. https://doi.org/10.1016/S1470-2045(13)70076-7

4. Rupp J., Hadamitzky C., Henkenberens C., et al. Frequency and risk factors for arm lymphedema after multimodal breast-conserving treatment of
nodal positive breast Cancer — a long-term observation. Radiation oncology. 2019; 14(1): 39. https://doi.org/10.1186/513014-019-1243-y

5. Morgan PA, Franks P.J., Moffatt C.J. Health-related quality of life with lymphoedema: a review of the literature. International Wound Journal. 2005;
2(1): 47-62. https://doi.org/10.1111/j.1742-4801.2005.00066.x

6. Gebruers N., Verbelen H., De Vrieze T,, et al. Incidence and time path of lymphedema in sentinel node negative breast cancer patients: a systematic
review. Archives of physical medicine and rehabilitation. 2015; 96(6): 1131-1139. https://doi.org/10.1016/j.apmr.2015.01.014

7. Ridner S.H. Bonner C.M., Deng J., Sinclair V.G. Voices from the shadows: living with lymphedema. Cancer nursing. 2012; 35(1): E18-E26.
https://doi.org/10.1097/NCC.0b013e31821404c0

8. Fu MR, Axelrod D., Cleland C.M,, et al. Symptom report in detecting breast cancer-related lymphedema. Breast Cancer (Dove Med Press). 2015; 7:
345-352. https://doi.org/10.2147/BCTT.587854

9. Cornelissen A.J.M., Kool M., Keuter X.H.A., et al. Quality of Life Questionnaires in Breast Cancer-Related Lymphedema Patients: Review of the
Literature. Lymphat Res Biol. 2018; 16(2): 134-139. https://doi.org/10.1089/Irb.2017.0046

10. Fu MR, Kang Y. Psychosocial impact of living with cancer-related lymphedema. Seminars in Oncology Nursing. 2013; 29(1): 50-60.
https://doi.org/10.1016/j.soncn.2012.11.007

11. De Vrieze T., Nevelsteen I., Thomis S., et al. What are the economic burden and costs associated with the treatment of breast cancer-related
lymphoedema? A systematic review. Supportive Care in Cancer. 2020; 28(2): 439-449. https://doi.org/10.1007/s00520-019-05101-8

12. Levenhagen K., Davies C., Perdomo M., et al. Diagnosis of Upper Quadrant Lymphedema Secondary to Cancer: Clinical Practice Guideline from the
Oncology Section of the American Physical Therapy Association. Physical Therapy. 2017; 97(7): 729-745. https://doi.org/10.1093/ptj/pzx050

13. Davies C., Levenhagen K., Ryans K, et al. Interventions for Breast Cancer-Related Lymphedema: Clinical Practice Guideline From the Academy of
Oncologic Physical Therapy of APTA. Physical therapy. 2020; 100(7): 1163-1179. https://doi.org/10.1093/ptj/pzaa087

14. Bendz |, Fagevik Olsén M. Evaluation of immediate versus delayed shoulder exercises after breast cancer surgery including lymph node
dissection—a randomised controlled trial. Breast. 2002; 11(3): 241-248. https://doi.org/10.1054/brst.2001.0412

15. Sagen A, Kéresen R., Risberg M.A. Physical activity for the affected limb and arm lymphedema after breast cancer surgery. A prospective, randomized
controlled trial with two years follow-up. Acta Oncologica. 2009; 48(8): 1102-1110. https://doi.org/10.3109/02841860903061683

16. Todd J., Scally A., Dodwell D,, et al. A randomised controlled trial of two programmes of shoulder exercise following axillary node dissection for
invasive breast cancer. Physiotherapy. 2008; 94(4): 265-273. https://doi.org/10.1016/j.physio.2008.09.005

17. Oliveira M.M.F,, Gurgel M.S.C., Amorim B.J,, et al. Long term effects of manual lymphatic drainage and active exercises on physical morbidities,
lymphoscintigraphy parameters and lymphedema formation in patients operated due to breast cancer: A clinical trial. PlosOne. 2018; 13(1):
e0189176. https://doi.org/10.1371/journal.pone.0189176

18. Stuiver M.M., ten Tusscher M.R., Agasi-ldenburg C.S., et al. Conservative interventions for preventing clinically detectable upper-limb lymphoedema
in patients who are at risk of developing lymphoedema after breast cancer therapy. The Cochrane Database of Systematic Reviews. 2015; 2:
CD009765. https://doi.org/10.1002/14651858.CD009765.pub2

19. DevoogdtN., Christiaens M.R., Geraerts |, et al. Effect of manual lymph drainage in addition to guidelines and exercise therapy on arm lymphoedema
related to breast cancer: randomised controlled trial. BMJ. 2011; 343: d5326. https://doi.org/10.1136/bmj.d5326

20. Zimmermann A., Wozniewski M., Szklarska A., et al. Efficacy of manual lymphatic drainage in preventing secondary lymphedema after breast cancer
surgery. Lymphology. 2012; 45(3): 103-112.

21. Castro-Sanchez A.M., Moreno-Lorenzo C., Mataran-Penarrocha G.A., et al. Prevencion del linfedema tras cirugia de cancer de mama mediante
ortesis elastica de contencidon y drenaje linfatico manual: ensayo clinico aleatorizado [Preventing lymphoedema after breast cancer
surgery by elastic restraint orthotic and manual lymphatic drainage: a randomized clinical trial]l. Medicina Clinica. 2011; 137(5): 204-207.
https://doi.org/10.1016/j.medcli.2010.09.020

22. Torres Lacomba M., Yuste Sanchez M.J., Zapico Goni A, et al. Effectiveness of early physiotherapy to prevent lymphoedema after surgery for breast
cancer: randomised, single blinded, clinical trial. BMJ. 2010; 340: b5396. https://doi.org/10.1136/bmj.b5396

23. DevoogdtN., Geraerts |.,Van Kampen M., et al. Manual lymph drainage may not have a preventive effect on the development of breast cancer-related

ARTICLES

lymphoedema in the long term: a randomised trial. Journal of physiotherapy. 2018; 64(4): 245-254. https://doi.org/10.1016/j.jphys.2018.08.007

M3IIATH | TV 13 VAONVHMIAY ‘A YNVILVL

49



ATIXAHOBA T.B. 1 OP. | OB3OPHAA CTATbA

50

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

BECTHUK BOCCTAHOBUTENIbBHOM MEQULIUHBI | 2024 | 23(3)

Ochalek K., Gradalski T., Partsch H. Preventing Early Postoperative Arm Swelling and Lymphedema Manifestation by Compression Sleeves after
Axillary Lymph Node Interventions in Breast Cancer Patients: A Randomized Controlled Trial. Journal of pain and symptom management. 2017;
54(3): 346-354. https://doi.org/10.1016/j.jpainsymman.2017.04.014

Paramanandam V.S, Dylke E., Clark G.M., et al. Prophylactic Use of Compression Sleeves Reduces the Incidence of Arm Swelling in Women
at High Risk of Breast Cancer-Related Lymphedema: A Randomized Controlled Trial. Journal of Clinical Oncology. 2022; 40(18): 2004-2012.
https://doi.org/10.1200/JC0O.21.02567

Gerasimenko M.Y., Evstigneyeva 1.S., Zaitseva T.N. Magnetotherapy in patient rehabilitation after radical mastectomy. Problems of Balneology,
Physiotherapy and Exercise Therapy. 2020; 97(2): 36-44.https://doi.org/10.17116/kurort20209702136

Evstigneeva |.S., Gerasimenko M.Y. General magnet therapy and low-frequency electrostatic field in the postoperative period in patients with breast
cancer. Problems of Balneology, Physiotherapy and Exercise Therapy. 2022; 99(4): 43-50. https://doi.org/10.17116/kurort20229904143

EBcturHeesa W.C., lepacumerko M.IO., Mepdunbesa O.M. MarHuToTepanvsi U NpepbiBUCTas MHEBMOKOMMPECCUs Kak MeTop peabunutauum
NaLMEeHTOK C PakOM MOJIOUHOW efesbl B pa3Hble CPOKM Nocsie Xupypruyeckoro neveHus. Ousnotepanus, 6anbHeonorna v peabunutauys.
2019; 18(2): 68-75. https://doi.org/10.17816/1681-3456-2019-18-2-68-75 [Evstigneeva 1.S., Gerasimenko M.Y., Perfileva O.M. Magnetotherapy and
intermittent pneumocompression as a method of rehabilitation of patient with breast cancer in different periods after radical mastectomy. Russian
Journal of Physiotherapy, Balneology and Rehabilitation. 2019; 18(2): 68-75. https://doi.org/10.17816/1681-3456-2019-18-2-68-75 (In Russ.).]

Stout N.L., Binkley J.M., Schmitz K.H., et al. A prospective surveillance model for rehabilitation for women with breast cancer. Cancer. 2012; 118(S8):
2191-2200. https://doi.org/10.1002/cncr.27476

Soran A., Ozmen T., McGuire K.P, et al. The importance of detection of subclinical lymphedema for the prevention of breast cancer-related clinical
lymphedema after axillary lymph node dissection; a prospective observational study. Lymphatic Research and Biology. 2014; 12(4): 289-294.
https://doi.org/10.1089/Irb.2014.0035

Yang E.J,, Ahn S., Kim E.K,, et al. Use of a prospective surveillance model to prevent breast cancer treatment-related lymphedema: a single-center
experience. Breast Cancer Research and Treatment. 2016; 160(2): 269-276. https://doi.org/10.1007/s10549-016-3993-7

Whitworth PW., Cooper A. Reducing chronic breast cancer-related lymphedema utilizing a program of prospective surveillance with bioimpedance
spectroscopy. The Breast Journal. 2018; 24(1): 62-65. https://doi.org/10.1111/tbj.12939

Kilgore L.J., Korentager S.S., Hangge A.N., et al. Breast Cancer-Related Lymphedema (BCRL) Through Prospective Surveillance Monitoring
Using Bioimpedance Spectroscopy (BIS) and Patient Directed Self-Interventions. Annals of surgical oncology. 2018; 25(10): 2948-2952.
https://doi.org/10.1245/510434-018-6601-8

Koelmeyer L.A., Borotkanics R.J., Alcorso J., et al. Early surveillance is associated with less incidence and severity of breast cancer-related lymphedema
compared with a traditional referral model of care. Cancer. 2019; 125(6): 854-862. https://doi.org/10.1002/cncr.31873

McLaughlin S.A., Stout N.L, Schaverien M.V. Avoiding the Swell: Advances in Lymphedema Prevention, Detection, and Management.
American Society of Clinical Oncology educational book. American Society of Clinical Oncology. Annual Meeting. 2020; 40: 1-10.
https://doi.org/10.1200/EDBK_280471

Koelmeyer L.A., Moloney E., Boyages J., et al. Prospective surveillance model in the home for breast cancer-related lymphoedema: a feasibility study.
Breast cancer research and treatment. 2021; 185(2): 401-412. https://doi.org/10.1007/s10549-020-05953-3

Kilbreath S., Refshauge K., Beith J., Lee M. Resistance and stretching shoulder exercises early following axillary surgery for breast cancer. Rehabilitation
Oncology. 2006; 24: 9-14. https://doi.org/10.1097/01893697-200624020-00003

Hayes S.C., Rye S., Disipio T., et al. Exercise for health: a randomized, controlled trial evaluating the impact of a pragmatic, translational exercise
intervention on the quality of life, function and treatment-related side effects following breast cancer. Breast Cancer Research and Treatment. 2013;
137(1): 175-186. https://doi.org/10.1007/s10549-012-2331-y

Schmitz K.H., Ahmed R.L,, Troxel A.B., et al. Weight lifting for women at risk for breast cancer-related lymphedema: a randomized trial. JAMA. 2010;
304(24): 2699-2705. https://doi.org/10.1001/jama.2010.1837

Park Y.J., Na S.J.,, Kim M.K. Effect of progressive resistance exercise using Thera-band on edema volume, upper limb function, and quality of life in
patients with breast cancer-related lymphedema. J Exerc Rehabil. 2023; 19(2): 105-113. https://doi.org/10.12965/jer.2346046.023

Courneya K.S., Segal R.J., Mackey J.R,, et al. Effects of aerobic and resistance exercise in breast cancer patients receiving adjuvant chemotherapy: a
multicenter randomized controlled trial. Journal of Clinical Oncology. 2007; 25(28): 4396-4404. https://doi.org/10.1200/JC0.2006.08.2024
CampbellK.L., Winters-StoneK.,WiskermannJ.,etal.Exercise Guidelinesfor Cancer Survivors: Consensus Statementfrom International Multidisciplinary
Roundtable. Medicine and Science in Sports and Exercise. 2019; 51(11): 2375-2390. https://doi.org/10.1249/MSS.0000000000002116

Courneya K.S., McKenzie D.C., Mackey J.R., et al. Subgroup effects in a randomised trial of different types and doses of exercise during breast cancer
chemotherapy. British Journal of Cancer. 2014; 111(9): 1718-1725. https://doi.org/10.1038/bjc.2014.466

Cheema B.S., Kilbreath S.L., Fahey P.P, et al. Safety and efficacy of progressive resistance training in breast cancer: a systematic review and meta-
analysis. Breast cancer research and treatment. 2014; 148(2): 249-268. https://doi.org/10.1007/s10549-014-3162-9

Gerland L., Baumann FT., Niels T. Resistance Exercise for Breast Cancer Patients? Evidence from the Last Decade. Breast Care. 2021; 16(6): 657-663.
https://doi.org/10.1159/000513129

Ammitzboll G., Johansen C., Lanng C,, et al. Progressive resistance training to prevent arm lymphedema in the first year after breast cancer surgery:
results of a randomized controlled trial. Cancer. 2019; 125(10): 1683-1692. https://doi.org/10.1002/cncr.31962

Kilbreath S.L., Refshauge K.M., Beith J.M., et al. Upper limb progressive resistance training and stretching exercises following surgery for early breast
cancer: a randomized controlled trial. Breast Cancer Research and Treatment. 2012; 133(2): 667-676. https://doi.org/10.1007/5s10549-012-1964-1
Cormie P, Pumpa K., Galvdo D.A,, et al. Is it safe and efficacious for women with lymphedema secondary to breast cancer to lift heavy weights during
exercise: a randomized controlled trial. Journal of Cancer Survivorship. 2013; 7(3): 413-424. https://doi.org/10.1007/s11764-013-0284-8
Wiskemann J., Clauss D., Tjaden C,, et al. Progressive Resistance Training to Impact Physical Fitness and Body Weight in Pancreatic Cancer Patients:
A Randomized Controlled Trial. Pancreas. 2019; 48(2): 257-266. https://doi.org/10.1097/MPA.0000000000001221

Musanti R. A study of exercise modality and physical self-esteem in breast cancer survivors. Medicine and Science in Sports and Exercise. 2012; 44(2):
352-361. https://doi.org/10.1249/MSS.0b013e31822cb5f2

Jeffs E., Wiseman T. Randomised controlled trial to determine the benefit of daily home-based exercise in addition to self-care in
the management of breast cancer-related lymphoedema: a feasibility study. Supportive Care in Cancer. 2013; 21(4): 1013-1023.
https://doi.org/10.1007/s00520-012-1621-6

Buchan J.,, Janda M., Box R., et al. A randomized trial of the effect of exercise mode on breast-cancer related lymphedema. Medicine and science in
sports and exercise. 2016; 48(10): 1866—-1874. https://doi.org/10.1249/MSS.0000000000000988

Executive Committee of the International Society of Lymphology. The diagnosis and treatment of peripheral lymphedema: 2020 Consensus
Document of the International Society of Lymphology. Lymphology. 2020; 53(1): 3-19.

CTATbU




BULLETIN OF REHABILITATION MEDICINE | 2024 | 23(3)
54.
55.
56.
57.

58.

59.
60.
61.
62.
63.
64.
65.
66.
67.
68.

69.

70.
71.
72.
73.
74.
75.

76.

77.

ARTICLES

Wampler M., Campione E., Bolch C.A. Practice patterns of physical therapists and physical therapist assistants treating patients with breast cancer
related lymphedema. Support Care Cancer. 2023; 31(2): 134. https://doi.org/10.1007/s00520-023-07589-7

Sezgin Ozcan D., Dalyan M., Unsal Delialioglu S., et al. Complex Decongestive Therapy Enhances Upper Limb Functions in Patients with Breast
Cancer-Related Lymphedema. Lymphatic Research and Biology. 2018; 16(5): 446-452. https://doi.org/10.1089/Irb.2017.0061

Lane K., Worsley D., McKenzie D. Exercise and the lymphatic system: implications for breast-cancer survivors. Sports Medicine. 2005; 35(6): 461-471.
https://doi.org/10.2165/00007256-200535060-00001

Lasinski B.B., McKillip Thrift K., Squire D., et al. A systematic review of the evidence for complete decongestive therapy in the treatment of lymphedema
from 2004 to 2011. PM&R. 2012; 4(8): 580-601. https://doi.org/10.1016/j.pmrj.2012.05.003

Devoogdt N., Van Kampen M., Geraerts |, et al. Different physical treatment modalities for lymphoedema developing after axillary lymph
node dissection for breast cancer: a review. European Journal of Obstetrics, Gynecology, and Reproductive Biology. 2010; 149(1): 3-9.
https://doi.org/10.1016/j.ejogrb.2009.11.016

Suami H., Heydon-White A., Mackie H., et al. A new indocyanine green fluorescence lymphography protocol for identification of the lymphatic
drainage pathway for patients with breast cancer-related lymphoedema. BMC Cancer. 2019; 19(1): 985. https://doi.org/10.1186/512885-019-6192-1

Koelmeyer L.A., Thompson B.M., Mackie H., et al. Personalizing Conservative Lymphedema Management Using Indocyanine Green-Guided Manual
Lymphatic Drainage. Lymphatic Research and Biology. 2021; 19(1): 56-65. https://doi.org/10.1089/Irb.2020.0090

Perdomo M., Davies C., Levenhagen K., et al. Patient education for breast cancer-related lymphedema: a systematic review. Journal of Cancer
Survivorship. 2023; 17(2): 384-398. https://doi.org/10.1007/s11764-022-01262-4

Hasenoehrl T., Palma S., Ramazanova D., et al. Resistance exercise and breast cancer-related lymphedema-a systematic review update and meta-
analysis. Supportive Care in Cancer. 2020; 28(8): 3593-3603. https://doi.org/10.1007/s00520-020-05521-x

VignesS., Porcher R., Arrault M., Dupuy A. Long-term management of breast cancer-related lymphedema after intensive decongestive physiotherapy.
Breast Cancer Research and Treatment. 2007; 101(3): 285-290. https://doi.org/10.1007/510549-006-9297-6

Paskett E.D., Le-Rademacher J., Oliveri J.M,, et al. A randomized study to prevent lymphedema in women treated for breast cancer: CALGB 70305
(Alliance). Cancer. 2021; 127(2): 291-299 https://doi.org/10.1002/cncr.33183

Ezzo J., Manheimer E., McNeely M.L., et al. Manual lymphatic drainage for lymphedema following breast cancer treatment. The Cochrane Database
of Systematic Reviews. 2015; 5: CD003475. https://doi.org/10.1002/14651858.CD003475.pub2

Thompson B., Gaitatzis K., Janse de Jonge X,, et al. Manual lymphatic drainage treatment for lymphedema: a systematic review of the literature.
Journal of Cancer Survivorship. 2021; 15(2): 244-258. https://doi.org/10.1007/511764-020-00928-1

Lin Y, Yang Y., Zhang X., et al. Manual Lymphatic Drainage for Breast Cancer-related Lymphedema: A Systematic Review and Meta-analysis of
Randomized Controlled Trials. Clinical Breast Cancer. 2022; 22(5): e664-e673. https://doi.org/10.1016/j.clbc.2022.01.013

Koul R., Dufan T., Russell C,, et al. Efficacy of complete decongestive therapy and manual lymphatic drainage on treatment-related lymphedema in
breast cancer. International journal of Radiation Oncology, Biology, Physics. 2007; 67(3): 841-846. https://doi.org/10.1016/j.ijrobp.2006.09.024

Pujol-Blaya V., Salinas-Huertas S., Catasus M.L., et al. Effectiveness of a precast adjustable compression system compared to multilayered compression
bandages in the treatment of breast cancer-related lymphoedema: a randomized, single-blind clinical trial. Clinical Rehabilitation. 2019; 33(4): 631-
641. https://doi.org/10.1177/0269215518821785

TsaiH.J.,,HungH.C,, Yang J.L,, etal. Could Kinesio tape replace the bandage in decongestive lymphatic therapy for breast-cancer-related lymphedema?
A pilot study. Supportive Care in Cancer, 2009; 17(11): 1353-1360. https://doi.org/10.1007/500520-009-0592-8
Szuba A. Achalu R, Rockson S.G. Decongestive lymphatic therapy for patients with breast carcinoma-associated lymphedema.

A randomized, prospective study of a role for adjunctive intermittent pneumatic compression. Cancer. 2002; 95(11): 2260-2267.
https://doi.org/10.1002/cncr.10976

Feldman J.L,, Stout N.L., Wanchai A, et al. Intermittent pneumatic compression therapy: a systematic review. Lymphology. 2012; 45(1): 13-25.

Rockson S.G., Whitworth PW., Cooper A., et al. Safety and effectiveness of a novel nonpneumatic active compression device for treating breast
cancer-related lymphedema: A multicenter randomized, crossover trial (NILE). Journal of Vascular Surgery: Venous and Lymphatic Disorders. 2022;
10(6): 1359-1366.e1. https://doi.org/10.1016/j.jvsv.2022.06.016

Fife C.E, Davey S., Maus E.A,, et al. A randomized controlled trial comparing two types of pneumatic compression for breast cancer-related
lymphedema treatment in the home. Supportive Care in Cancer. 2012; 20(12): 3279-3286. https://doi.org/10.1007/s00520-012-1455-2

Wilburn O., Wilburn P, Rockson S.G. A pilot, prospective evaluation of a novel alternative for maintenance therapy of breast cancer-associated
lymphedema [ISRCTN76522412]. BMC Cancer. 2006; 6: 8. https://doi.org/10.1186/1471-2407-6-84

Ridner S.H., Murphy B., Deng J., et al. Advanced pneumatic therapy in self-care of chronic lymphedema of the trunk. Lymphatic Research and
Biology. 2010; 8(4): 209-215. https://doi.org/10.1089/Irb.2010.0010

Ridner S.H., Murphy B., Deng J., et al. A randomized clinical trial comparing advanced pneumatic truncal, chest, and arm treatment to arm treatment
only in self-care of arm lymphedema. Breast Cancer Research and Treatment. 2012; 131(1): 147-158. https://doi.org/10.1007/s10549-011-1795-5

M3IIATH | TV 13 VAONVHMIAY ‘A YNVILVL

51



APXUIMOBA H.B. 1 OP. | OB30OPHAHA CTATbA

52

BECTHUK BOCCTAHOBUTENIbBHOM MEQULIUHBI | 2024 | 23(3)

0O630pHas cmames / Review
YIK:615.825.1
DOI: https://doi.org/10.38025/2078-1962-2024-23-3-52-60

3¢ peKTUBHOCTb COBEpPLUEHCTBOBOHUS KOOPAUHALMOHHbIX
CNOCO6HOCTEN B KOPPEKLUU PACCTPONCTB 6MOMEXAHUKU AbIXAHUS
nocne KaApAUOXUPYPrudeckom onepaumm: 063op nNUMTepaTypbl

Apxunoa H.B."", ) MomewkunHa C.A.", BbikoB E.B.?

"@IbHY «HUW KomnnekcHbix npobnem cepdedHo-cocyoucmsix 3abonesaHuli» MuHobpHayku Poccuu, Kemeposo, Poccus
2QrbOY BO «Ypaneckuli 2ocydapcmaeHHsil yHUsepcumem cusudeckoll Kysnemypei», YenabuHck, Poccus

PE3IOME

BBEJEHUE. bpoHxoneroyHble 0CNOXHEHMWS OCTalOTCA BefyLlell NPUUUHON NocieonepaLMoHHON 3a601eBaeMoCTL Nocse OTKPbITON
onepauun Ha cepaLe 1 yanuHAT npebbiBaHMe NaLyMeHTa B CTaLMOHape, NOBbILLAsA CTOVMOCTb JIeUeHNA.

LEJTb. V13yunTb 3¢ PpeKTUBHOCTL MCNONb30BaHMA KOOPANHALMOHHBIX TPEHNUPOBOK MeXaHUKM AbIXaTeNbHbIX ABUXKEHUI B Kapanopea-
6UNMTALMOHHBIX MPOrPaMMaXx NPY 3aHATUAX AbIXaTeNbHON MMMHACTUKON.

CTPATEIA NOUCKA. MocpencTsom nomcka nutepatypbl B NomckoBbix cuctemax PubMed (Medline) n PUHL, (Poccuiickunin nHaekc
Hay4YHOro LUMTMpPOBaHUA) ¢ AHBaps 2019 1. no Aekabpb 2023 r. 6binv 0OTOOPaHbI CcTEMaTYeCcKme 0630pbl, MeTaaHanM3bl U paHAOMU-
3UPOBaHHble KOHTPONMpPyeMble NccneioBaHNA GpakTOpPOB, BANAIOLMX Ha Pa3BUTVE NOCIEONePaLMIOHHbIX JIEFOYHbIX OCIOXKHEHNIA NO-
Cne OTKPbITbIX ONepaurii Ha CepALie C NCKYCCTBEHHBIM KPOBOOOPaALLEHNEM, a TakKe MEeTOA0B NMOBEAEHUYECKOW Perynaummn n odyyeHns
CcamoynpaB/ieHUIo AbIXaHVEM B CEPAEYHO-NIErOYHON peabunmtaumm Ana oueHKn 3GGeKTVBHOCTY CHIKEHMA KOTMYECTBa JIEFOUYHbIX OC-
NOXXHEHWI U NX BbIPaXKEHHOCTV MO CPaBHEHWIO C 0ObIYHBIMU METOAAMU PECMMPATOPHO KapAropeabunutaumm.

OCHOBHOE COAEPXAHUE OB30PA. lNMocne KaparoXnpypruyeckux onepauuii y naumeHToB HabnogaeTca CHXKeHEe KOOpPAUHaA-
LIMOHHbIX B3aMMOAENCTBUI B paboTe MHCMMPATOPHbBIX MbILUL, FPYAHON KNETKM, YTO TpebyeT ynyylleHna KOOPANHALVOHHbIX CMoCo6-
HocTen. MponnnocTprpoBaHbl 0COGEHHOCTY KOMMEHCATOPHbIX M3MEHEHWIA CUCTEMbI BHELLHETO [blIXaHWA MNOCe KOPPEKLUN Koopam-
HaLMOHHbIX B3aVIMOAENCTBUN [bIXaTeNbHbIX MbILUL, B MPOLECCe PeCnMpaToOpPHO-KapAOoNornyeckon peabmunmtaumm, a MUMeHHO B yBe-
NNYEHVUN anbBEONIAPHON BEHTUNALMW, BCNIEACTBYE COBEPLLUEHCTBOBAHUA ONTUMAIbHBIX COOTHOLIEHUIA FPYAHOIO 1 GPIOLLIHOIO TUMOB
[bIXaHWA, ONTUMaNbHbIX CUHXPOHHbIX 1 KPaTHbIX COOTHOLLEHWI YMCna AblXaTeNbHbIX U ABUraTeNbHbIX LIYKIOB, €70 YacToTbl U Fy6VHbI,
60nee BbICOKUI KOIGOULIMEHT MONE3HOIO AENCTBUA AblXaTeNbHbIX MbILLL.

3AKJNKOYEHME. lMocne npoxoxaeHna Kypca KOOPAMHALMOHHbBIX TPEHUPOBOK, B XOA4e KOTOPbIX Pa3BMBaIMCh HaBbIKU yrnpaBieHnsa
CBOVIM [ibIXaHVEM, Y MaLMeHTOB, NMepeHecLlrX OTKPbITbie onepaLny Ha cepAaLe C UCKYCCTBEHHbIM KpoBoobpalleHmem, Habnoaanacb
MeHbLUAsA BbIPaXXEHHOCTb 1 YacToTa BCTPEYAEMOCTM MOCIeOoNePaLMOHHbIX BPOHXONErOYHbIX OCNIOKHEHUA, YNyULIEHUe HaCbiLLeHns
KPOBM KNCIIOPOLOM Y MOBbILIEHWE TONEPAHTHOCTY K GM3MYECKUM Harpy3kam no cCpaBHeHMIO C TPaANLMOHHBIMU MeToAaMU JieyeGHOM
bU3KynbTYpbI, NPY 3TOM Haubonee Bbipa)keHHble U3MeHeHUA HabnoAalTCA NpY BO3LENCTBUM METOAOB MOBEAEHUECKON perynauum
AbixaHuA. MNonyyeHHble pe3ynbTaTbl 3MeHeHNA GYHKLMN BHELLHEro AblXaHWA NO3BONAIT OLEHNTb BO3AENCTBME KOOPANHALIMOHHON
NMOAFOTOBKM MO YNPaBiEHNIO CBOUM AbIXaHUEM KaK 61aronpuaTHoe Ana NpodrnakTrki u peabunutaumu.

KNIOYEBDBIE CJIOBA: «opoHapHoe LyHTUPOBaHME, WCKYCCTBEHHOE KPOBOOGpalleHUe, Uliemndeckan GofesHb Cepaua,
KapAvopeabunnTaLms, AblxaTenbHas TMMHACTUKA, PerynaLmaA AblXaHus.
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ABSTRACT

INTRODUCTION. Bronchopulmonary complications remain the leading cause of postoperative morbidity and prolong the patient’s
hospital stay, increasing the cost of treatment.

AIM. To study the effectiveness of using coordination training of the mechanics of respiratory movements in cardiac rehabilitation
programs during breathing exercises.

SEARCH STRATEGY. Through a literature search in the PubMed (Medline) and RISC search engines from January 2019 to December
2023, systematic reviews, meta-analyses and randomized controlled studies were selected of factors influencing the development
of postoperative pulmonary complications after open heart surgery with cardiopulmonary bypass, as well as methods behavioral
regulation and self-breathing training in cardiopulmonary rehabilitation to assess the effectiveness of reducing the number of
pulmonary complications and their severity compared to conventional methods of respiratory cardiac rehabilitation.

MAIN CONTENT. Based on an analysis of the literature, it has been suggested that after cardiac surgery, patients experience a decrease
in coordination interactions in the work of the inspiratory muscles of the chest, which requires improvement in coordination abilities.
The features of compensatory changes in the external respiration system after correction of the coordination interactions of the
respiratory muscles in the process of respiratory-cardiac rehabilitation are illustrated, namely in increasing alveolar ventilation due to
the improvement of the optimal ratios of thoracic and abdominal types of breathing, optimal synchronous and multiple ratios of the
number of respiratory and motor cycles, its frequency and depth, higher efficiency of the respiratory muscles.

CONCLUSION. The research results indicate that after completing a course of coordination training, where they developed the skills
and abilities to control their breathing, patients who underwent open heart surgery with artificial circulation had a lower severity and
incidence of postoperative bronchopulmonary complications, improved blood oxygen saturation and increased tolerance to physical
activity compared to traditional methods of physical therapy, while the most pronounced changes are observed under the influence of
methods of behavioral regulation of breathing. The obtained results of changes in the function of external respiration make it possible
to evaluate the impact of coordination training to control one’s breathing as beneficial for prevention and rehabilitation.

KEYWORDS: coronary bypass surgery, artificial circulation, coronary heart disease, cardiac rehabilitation, breathing exercises,
breathing regulation.
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BBEOEHUE

Mo JaHHbIM BcemupHOI opraHm3aumy 3gpaBooxpaHe-
HYA, No-NpeXKHeMy Hanbonbluee KONMYeCTBO Cpean Beny-
LMX NPUYMH CMEPTHOCTY 3aHUMAIOT CEPAEYHO-COCYANCTbIe
3abonesaHua (CC3). MNMepBsyto NO3MLMIO YAEPXKMNBAET MLLEMU-
yeckas 6onesHb cepaua (MBC) npu octpoi popme (MHPapKT
MMUOKapAa, HecTabunbHaa CTEeHOKaPANA) N ee OCTTOKHEHWA
[1, 2]. PacnpocTpaHeHHbIM METOLOM CHVPKEHUA CMEPTHOCTH
npv reMoMHaMMYeCKM 3HaUMOM MOPaKeEHUN KOPOHAPHO-
ro pycrna ABnAeTCA XMpyprmyeckasn onepaumna peBackynapu-
3aLUMM MroKapaa — KOpoHapHoe wyHTupoBsaHue (KLL), uto
06ycnoBnMnBaeT pa3BuTUe Mep JanbHelLwen NPpoPprnaKTUKm
1 peabunutaumm naumeHTtos ¢ CC3 [3, 4].

Kak 13BeCcTHO, KOMMOHEeHTbI dur3nyeckon peabunuta-
unn (xopbb6a, BENOTPEHNPOBKU, TMMHACTUYECK/E YrparKk-
HeHMA) LWNPOKO NPUMEHAIOTCA B Kapanopeabunutauum [4].
Mocne KL wncnonb3oBaHue ¢usmMyeckon peabunutaymm
OPVEHTNPOBAHO Ha BOCCTaHOBJIEHNE CepeYHO-COCYAUNC-
TOW CUCTeMbl — yryuylleHne KOPOHapHOro Y MUOKapau-
anbHOro pesepBsa, MO3UTUBHOE BO3AENCTBME Ha KOPPUTU-
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pyemble pakTopbl prcka nporpeccupoBaHua CC3 (runo-
OVHaMUIo, apTepuasbHyo rMnepTeH3nio, ANCIUNUAEMUIO,
rmnepravkemMmto, oxupeHue). OpHako HepelleHHbIMU
OCTaloTCA OTAENbHbIe BOMPOCHI, CBA3aHHbIE C Nocneonepa-
LIMOHHBIMU GPOHXONErOYHbIMY OCNOXKHEHUAMN [5].

Mo paHHbIM NUTepaTypbl, Y NaLMeHTOB, NoABepPriUnX-
ca KW B ycnoBuAx WMCKYCCTBEHHOro KpoOBOOOGpalLeHMA
(MK), dopmumpyloTcA TMNOBEHTUNALMOHHbIE HapyLUeHWA
PeCTPUKTUBHOIO TWMNa Kak BHYTPWUIIErouyHoOm (MHEeBMOHMUSA,
aTenekTas), Tak 1 BHENEro4yHon (orpaHnyeHmne sKCKypCui
rPYyLHON KNeTKN Npuy nieBpasbHbIX BbiNOTax, AUCPYHKLMA
anadparmbl) Gopmbl, NpmBOAALLME K PACCTPONCTBY Ouro-
MeXaHUKN AblXaHUA 3a CYeT YMeHbLUeHWA CnocobHOCTY
NEerknx pacTArmBaTbCA BO BPeMA MHCMMPaLum, COnpoBo-
XKOalLWeroca BeHTUNALMOHHbIMY HapyleHuamun [6, 7].
BpoHxonerouHble OCNOXHEHUA — MOCNeACTBMA aHecTe-
3UM U XUPYPTrMUECKOW TPaBMbl, YCYryonsaoTca npu Hanwu-
yMmM y nNaumeHTa Taknx GakTOpOB pUCKa, Kak, Hanpumep,
XPOHMYecKasa ob6CcTpyKTMBHasA 6onesHb nerkux (XOBJT), no-
Xunown Bo3pacT, KypeHue [8].
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Mcnonb3oBaHne peabunmnTaumoHHbIX MeponpUATUIl
3HAUNTENbHO CHUXAET KOMMYeCTBO AAHHbIX OCIIOMHEHUN
N ymeHbLIaeT MX BblpakeHHOCTb [9]. OgHako, HecmoTpA
Ha MMeloLMeca MeTOAMKIN AbIXaTe/IbHON FTMMHaCTUKK, 3¢-
$EeKTMBHOCTb UX HepgocTaTouHa [5]. B nonckax nosbilweHms
pe3ynbTaTMBHOCTY MMEILLMXCA NPOrpamMmM peabunutauum
AKTUBHO MCMOJNb3YIOTCA Pa3finyHble NepcoHnGULpPOBaH-
Hble MOAXOAbl K MauMeHTy C y4yeToM ero ocobeHHoCTel.
B nocnegHue rofbl WMPOKO NpUMEHAETCA MeTOAUKa pas-
BUTUA Pas3fINYHbIX HaBbIKOB KOOPAMHAUUWN [BUKEHWUI,
B TOM uucne B perynauuu gbixaHua [10]. dddekTBHOCTD
METOAMKN ynpaBnieHna AblxaHWeM y nalmeHToB nocse ot-
KPbITbIX OnepaLnin Ha cCepaLe Mano nsyyeHa.

MPUHATO cunTaTb, UTO peakumAa KOMMEHCAaTOPHbIX OT-
BETOB AbIXaTeNIbHOW CUCTEMbI HA YMeHbLUEHNEe CNOCOBHO-
CTW NIErknx pacTarnBaTbca obecrneumBaeTca peLenTopHbIM
BNAHMEM OT MeXaHOopeLenToOpoB JNerkux, peLentopos
rPyAHOM KNeTKyM W MneBpbl, Nponpuopelentopamn Apbl-
XaTeNbHbIX MeXXpebepHbIX MbIlL, 1 gradparmbl, KOTopble
yepes UeHTpasbHbI PErynATop OKa3blBalOT BAUAHME
Ha BHelHee gbixaHue [11, 12]. Kpome TOro, B aganTuBHble
peakumn GYHKUMW ObIXaHWA 3HAUMTESNbHbIN BKNak BHOCAT
N KOpTUKanbHble BAUAHWA, O YeM CBUAETENbCTBYIOT MCU-
xopumsunonornyeckne mccnepgosaHma [13]. OcobeHHO Ha-
rMAAHO POJib KOPbl FOIOBHOrO MO3ra NPoABAAETCA B NPO-
N3BOSIbHOM ynpaBieHun abixaHvem [14, 15].

Takum o6pazom, o60ocHOBaHMe pa3paboTKK HOBbIX METO-
VK pecrnmpaTopHON peabunmTaLmm, NOBbILWAWKMX peabu-
NINTALMOHHDBIV NOTEHLMAN Y NaLMEeHTOB B PaHHME CPOKM Mo-
Cne OTKPbITbIX ONepaLmi Ha cepLe, BeCbMa akTyaslbHO 1A
peLleHNa NPaKTUYeCKNX BOMPOCOB Kapanopeabunmtauum.

CTPATErna NOUNCKA

AHanus pe3ynbraToB paHee ony6MKOBaHHbIX MeTaaHa-
NN30B, CUCTEMATMNYECKNX 0O30POB U PaHAOMM3NPOBAHHBIX
KOHTponupyembix nccnegosanuii (PKU), otpaxatowmx s3¢-
$EKTMBHOCTb peabunmTaLMOHHbIX MEPONPUATUIA B NoCie-
onepawLVoHHOM nepuofe B KapaAnoxmpypruu, npumMeHse-
MbIX ONA CHVIXKEHWA KONMUYEeCTBa JIEFOUYHbIX OCIIOMXKHEHWI
N YMEHDLUEHWIO UX BbIPaXKeHHOCTN.

B nowckoBoli cncteme no 6GuomeanLMHCKUM UCCNeao-
BaHuAM PubMed (MEDLINE) 1 B PIHLL 6b1n npoun3eefeH no-
NCK cTaTel, onybnmkoBaHHbIX B nepuog ¢ 2019 no 2023 r.
3T10T Nepuog 6bin BbibpaH BCIeACTBME BO3POCLIErO UHTe-
peca B MVpe K BOMpocam pecrnunpaTtopHol peabunutauyum
n3-3a pacnpoctpaHeHnsa KopoHasmpyca SARS-CoV-2 n He-
pelleHHbIX Npobnem Kapanopeabunutaumum, CBA3aHHbIX
C Moc/ieonepauMoHHbIMU NIEFOYHBbIMU OCNIOXKHEHMAMK [5,
16, 17]. AnAa nomncka no mMeauUUHCKM MPeaMeTHbIM py-
6puikam (MeSH) ncnonb3oBanucb cnepyowme TEPMUHbI:
«KOPOHapHOE LYHTNPOBaHME B YCNTOBUAX NCKYCCTBEHHOTO
KpoBooOpalleHNA», «KOPOHapHOe LWYHTMPOBaHKe/6poH-
XOJIEroYHble OCNIOKHEHWAY, KKOPOHAPHOE WYHTUPOBaHue/
KOFHUTUBHbIE HAPYLLEHUAY, KKOTHUTUBHbIE pPaccTpoicTaa/
MeTOAbl CEpAEYHO-NIErOYHON peabunmTtaunm».

PesynbTatbl ObiNM  OrpaHuMyeHbl OMy6IMKOBaHHbIMU
pPaHAOMU3NPOBAHHBIMU KIUHUYECKMMU NCCNeA0BaHNAMN,
B KOTOPbIX CPaBHMBANUCb [1Ba Pa3fiMYHbIX BUAa BMeLla-
TeNbCTBa B JIeUeHMM NOCIeonepaLOHHbIX JIEFOUYHbIX OC-
NOXKHEHU NocC/e OTKPbLITON onepaLmmn Ha cepale, a Takxe
aHanNn3MpoBanoch BANAHNE PECNNPATOPHbIX METOLOB pe-
abunrTaumm Ha KOrHUTVBHbIE GYHKLNN.
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OCHOBHOE COAEPXAHUE OB30PA

1. Mpu4uHbl 803HUKHOBEHUA GPOHX0J/1E204HbIX OC/IOX-
HeHul npu onepayusAx HA cepoye

B HacToALlee BpeMA HaKoMAeH 3HaUYNTENbHbIN HayYHbIN
MaTepuan, CBUAETENbCTBYOLWMNA O Npobneme NeroyHbIxX oc-
NOMKHEHWNI Y NaumMeHToB, nepeHecwwnx onepauuio KL, Ta-
KUX KaK HO30KOMMasbHasA BEHTUIATOP-acCoLMMPOBaHHasA
NMHEBMOHNA (CBA3aHHAA C HaXOXKAEHNEM Ha NCKYCCTBEHHOM
BeHTURAUMN nerkux [MBJ1]), nTHEBMOTOPAKC, TPaxeobpoHXMT,
rmgpoTopakc, AvadparmanbHaa OMCOYHKLMA, KOTOpble CTa-
HOBATCA NPUYMHON HeO6NAroNPMUATHOIO NCXOAA XUPYypruvec-
KOro nleyeHns npu ycyrybneHnn apixatenbHOW HeJoCcTaTouy-
HocTm [18, 19]. PacnpocTpaHeHHOCTb OCIOXHEHWIA, MPUBO-
AALWKMX K yBEIMYEHMIO PaCXOA0B M CPOKOB fleUeHs B CTaLmno-
Hape, BapbupyeT oT 7,6 80 20 % B pa3nnyHbIX Kapanoxmpyp-
rmyeckmnx LeHTpax [20, 21]. MprunHbl NocneonepaumoOHHbIX
AblXaTeNbHbIX PaCCTPOMCTB B3aMMOCBA3aHbl C HeAOCTaTKaMU
MeTofAa peBacKynapv3auMv MMOKapAa Ha OCTaHOB/IEHHOM
ceppue B ycnosuax MK, co ctepHoToMmer, € NpoBeAeHem
obuien aHectesnw, VIBJ1[22-24], npegonepaloHHbIMU (BO3-
pacT, npegornepauyoHHan fleroyHas runepTeHsns, UHTpa-
onepauLMoHHOe MoBpexaeHre AmadparmManbHOro Hepsa)
N HTpaonepaLmoHHbIMU pakTopamm pucka [25-28].

Tak, B uccnegosaHusax Apowenkoro AWM. n gp. (2020)
MoKa3aHoO, YTO KpymnHOe onepaTMBHOE BMeLlaTe/IbCTBO
Ha ceppue ¢ MK He ncknoyaeT noAsfeHna CUHAPOMA CU-
CTEMHOrO BOCManuTesibHoro oTeeta (systemic inflammatory
response syndrome, SIRS) n ero He6naronpuATHbIX Gpr3Ko-
nornyeckmx s¢ppeKToB B paboTe opraHoB 1 cuctem. OCHOB-
Hble yyacTHUKKM 3anycka SIRS — Hentpodunbl, makpoda-
rn, pakTop HEKpOo3a Onyxonu, NHTepRenKknHbl-1, -2, -6, -8.
Katanusatopamu SIRS ABnAloTca xmpypruyeckasa TpaBma,
KOHTaKT KPOBW C HEBMONOrMYeCKnMM MaTepuanamm B y3-
nax annapata VK. MNpepgnonaraeTca, 4to cnctema AbIXxaHnA
ofHa 13 nepBbix BoBneKkaeTcAa B SIRS B BMae noctnepdysu-
OHHOro cMHapoMma (post-pump syndrome, PPS) [23].

Bbin onmcaH pocT vacToTbl MoBpexaeHuA Auadppar-
ManbHOro HepBa Nocsie KapAnoXnpypruyeckor onepauum
[25]. MNpoBefeHHble ncCnefoBaHMA NOKasanu, YTo 3TO OcC-
NOXHEHMe CBA3aHO C XOSI040BbIM NMOBPEXKAEHNEM BO Bpe-
MA 3aluUTbl MMOKapAa Npy KapaMoXMpyprnvyeckmx one-
paumax Unm nNpu apTepuoToMuUn MOSIOYHON *ene3bl. o
[aHHbIM aBTOPOB, 3TO MOXKET BbI3BaTb AUCHYHKLMIO AMa-
dparmbl 1 pecnupaTopHble OCNOXHEHNA (aTenekTas u/unu
KOHCONMAaLmio Nerkoro).

CornacHo AaHHbIM nUTepaTypbl, MNPUYMHON naTodu-
3MO0NIOTMN BHELLHEro AbIXaHA MOXeT BblCTynaTb CTEpPHO-
TomuA [26, 27]. YBennyeHme XeCcTKoCT! rPyaHON CTEHKN,
OTeK KNeTYaTKn CpefoCTeHMSA, a TakKe PUrMAHOCTb pebep
1 MeXXpebepHbIX MbILLL, B COYETAHNN C OXKMPEHEM NPUBO-
OAT K COABNEHMIO aNbBeOJ U3BHE (OTpuMLaTeNbHOMY TPaHC-
NynbMOHaIbHOMY AaBMEHUI0 Ha BblAOXE) M HapyLleHuo
anbBeosiApHON BeHTUNALMN [28].

He wucknioyaetca BO3HWKHOBEHME NErOYHbIX OCHIOXK-
HeHWUN Npwu ncnonb3oBaHun VIBJ1 B paHHem nocneonepa-
LMOHHOM nepuofe B peaHUMaLMOHHOM oTheneHun. Tak,
B uccnepoBaHmm OscaHHMKoBa PIO. 1 ap. (2022) cpaBHu-
Ba/INCb afibTepPHaTUBHbIE METOZbI, CHUKatoLMe NoboUHble
3bPeKTbl BEHTUNALMOHHO-NEPOY3NOHHOTO COMpPAXKEHUS,
1 coBpemeHHble nogxogbl K VIBJ1 [29]. HapyweHne remo-
OVHAMUKWM Nerkux, MNOBpeKAeHWe nerkux pAaBneHueMm,
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NHeBMOHWA, AnadparmanbHaa ANCOYHKUNA NO-NpexHeMy
3aBuncAT oT Bo3gencTeua VBJ1 Ha opraHu3m [30]. YcTaHoB-
NEHO, UYTO B YCNIOBUAX He3PPEKTUBHbIX COKpaLleHui aura-
¢dparmbl COOTBETCTBYIOLLAA HOPME BEHTUAALMNA NETrKMX He-
BO3MOXHa 6e3 peLunpoKHbIX B3aUMOAENCTBUiA B paboTe
NHCAMPATOPHbIX MbiwL, rpyAaHon knetku [31]. Mo gaHHbIM
Hay4HbIX NCCNIefOBaHNI, HapyLUeHe KOOPAMHNPOBAHHbIX
B3aUMOOTHOLLEHUIN MeXay rpynnamu AbixaTenbHbIX MbiLLLy
NPUBOAMUT K M3MEHEHUNI0 BOMEXaHNKN AblXaHUA, Bbi3biBa-
eT napajoKcanbHble ABVXKEHVA TPYAHON KIETKU U XK1BOTa,
3HaUMTENbHO CHMKaeT 3PpdeKTUBHOCTb PaboThl AblxaTesb-
HOWM MycKynaTypbl [32].

2. Ponb peaynayuu OvixaHuA 8 padHHeM nocJjieonepayu-
OHHOM nepuode 8 pa3sumuu pecnupamopHbIX OC/I0X-
HeHul

Peakuna KoMneHCaTOpPHbIX OTBETOB AblXaTeSIbHOW CUC-
TeMbl Ha YMeHbLLEHME CMNOCOOHOCTY NNErKnX pacTArnmBaTbCA
obecneunBaeTcsa peuenTopHbIM BAVAHUEM OT MexaHope-
LenTopoB Nerkux, peLenTopoB rPyaHON KNeTKM U Me.-
pbl, NpoMNpuopeLEenTopamMn AblXxaTeNbHbIX MeXpebepHbIX
MblLWL, 1 Anadparmbl, KOTOpble Yepes LeHTPaNbHbIN pery-
NATOP OKa3bIBalOT BAUAHME Ha BHELLHee AbixaHue [32, 33].
PacctpoicTBO  B3aMMOCBA3M  BEHTUIALMOHHO-Nepdy3u-
OHHbIX CONPAXEHUN CO CTOPOHbI NErKNX, rPYAHON KNeTKH,
AbIXaTeNlbHON MYCKynaTypbl U perynatopHbIX MeXaHU3MOB
noA BAVAHMEM Pa3fINUHbIX COYETaHWUA MHTpPaonepaumnoH-
HbIX U NMOCTONepaLMOHHbIX paKTOPOB B/leYeT 3a cobOol Ha-
npAxeHne agantauMoHHbIX MexaH13MOB. B nccnegosaHmm
O>Donnell D.E. et al. (2020) noka3aHo, YTO BO3HMKHOBEHME
NoTokoB adpdepeHTHON MMNynbcaumm 60NeBON, NCUXOreH-
HOW, XxemopeLenTOpPHON, MPONPUopeLLENTOPHON XaoTuye-
cKkol apdepeHTaLmMmM NPUBOANUT K Ae3UHTErpaLmn aBToMa-
TMYECKOW 1 NPOU3BOJIbHOWN Perynaunm gbixaHna 1 HapylLue-
HU0 BIOMEXaHNKN AbixaHuA [33], orpaHNUYeHNIo AbiXaTenb-
HbIX OBVIKEHWUN, CHUXKEHWNIO JOMKHON amMnauTygbl, pUTMa,
MOLLHOCTM 1 COFMIAacOBaHHOCTY PaboTbl MbILLEYHbIX Fpyn,
ONCKoOpAUHAUMA  OTAENbHbIX 3fIeMEHTOB, BCeAcCTBMe
yero, MOMUMO BpeMeHHoI nogaepkn VBJI, TpebyeT npu-
MEHEHWSI KOMMIEKCHON Nporpammbl peabunutauum [34].

3. Mpobnemsl npumeHeHUA s1ie204HOU peabunumayuu
nocsie onepayuti Ha cepoye

B npoBefeHHbIX 1ccnefoBaHNAX MOKa3aHO CHUXeHue
YacToTbl MocneonepaLMoHHbIX OPOHXONErOUYHbIX OCIOX-
HeHW (aTenekTas, rMApPOTOPaKC, MHEBMOHUA) NPU BKIIO-
UEHUU B peabnnnTaLMoHHbIE MEPONPUATAA AblXaTeNIbHOIO
TpeHuHra [35, 36]. OCHOBHbIMM 3aa4aMun pecrnMpaTopHON
peabunuTaumn ABNATCA HOPManM3aunua CUCTeMbl BHeLU-
Hero fblxaHWsA, Ppa3BUTUE CUSTbI U BbIHOCIIMBOCTU [bIXaTeslb-
HbIX MbILIL, YBeNMYeHNe JIeroYHbIX 06beMoB, KoppeKuua
NaToNnorMyecknx CABUrOB (ynyylleHWe OTXOXKAEHUA MO-
KpOTbl, MMKBUAAUMA fucaTenekTa3os, HOpManmn3aumsa BeH-
TUNALNOHHO-NEPPY3MOHHbIX COOTHOLWEHMI) [16-18].

My6nnkauum, NOCBALLEHHbIE BANAHMIO PeCcrnpaTopHON
peabunuTauMn nocne Kapamoxmpyprimyeckor onepauumu,
CBUAETENbCTBYIOT 00 YBeNIMYEHUN CUIbl U BbIHOC/IMBOCTY
[bIXaTefIbHbIX MbILWL, NMOCse AbIXaTeflbHOro TpeHuHra [9,
35]. Mocne pbixaTenbHbIX TPEHVPOBOK YCTAaHOBNIEHO YBe-
NnYeHrie ToNepaHTHOCTU K du3amnuyeckon Harpyske (TOH),
CHW)KEHMe YacToTbl pa3BUTUA 3aboneBaHWin Nerkux n co-
KpalleHune cpokoB NpebbiBaHNUsA B CTaunoHape [36, 371.

ARTICLES

OfHaKo, He3aBUCUMO OT TOrO, YTO OOMbLUMHCTBO PaboT,
NMOCBALLEHHbIX PECnMPATOPHON peabunutauum OG0MbHbIX
NBC uepe3s rog nocne onepauun KL, cengetenbctaytot
O MOBbIWEHNN GU3NYECKON AKTMBHOCTM MO CPaBHEHUIO
C foonepaurioHHbIM ypOBHeM, NPeAcTaBneH pag npobnem,
CBA3AHHbIX C [JOCTVKEHMEM MaKCMManbHoro >3ddekTa
B NPOPUNaKTIKe BPOHXONIErOYHbIX OCSIOXKHEHUN [5, 38].

B HacToALWEee BpemA BO BTOPUYHON NpodUnakTmKe pas-
paboTka nporpaMMm pecrnmnpaTopHON Kapaunopeabunura-
UMM pa3BMBaAETCA BO MHOIMX HampaB/ieHUAX, C NPUMeHe-
HMEM pa3HblX NoAxo[oB. Tak, K MeTogam pecnupaTopHoi
Kapanopeabunumtaymm oTHOCAT TPEHUPOBKY MOSTHOTO Y-
6OKOro AblXaHuA, TPEHNPOBKY NOKANbHOIO AblXxaHWA AnA
NOBbILEHNA BEHTUNALMOHHOM CMOCOOHOCTU OTAENbHbIX
yuyacTKoB flerkmnx (rpygHoe, avadparmanbHoe fAplxaHue),
«3BYKOBYIO» TVIMHACTUMKY, CMOCOOCTBYIOLLYIO TPEHUPOBKE
YOJIMHEHHOTO BblOXa MyTEM MPOU3HECEHUA LWUNALMX
3BYKOB, TPEHUPOBKY oTKawnueaHuA [39]. Umetotca paH-
Hble 06 MHCTPYMEHTaIbHbIX MeToax HamnpaBieHHOro BO3-
LEeNCTBMA Ha AblXaTeslbHY0 GYHKLMIO MPY MOMOLUN fblXa-
TenbHbIX TpeHaxepoBs (Threshold; Portex (Smiths Medical)
Coach 2 Incentive Spirometer) [37].

BmecTe ¢ TeM He[OCTaTOYHO MpoOaHaNM3npPoOBaHbl BO3-
MOXXHOCTWN KOPPEKLUN JIEFOYHbIX OCNOXKHEHUA METOAOM
NoBeAEeHYECKON perynaunm, a Takke mexaHu3mbl obyue-
HUA.

Tak, K uncny UeHTpasbHbIX Npobnem Kapanopeabunu-
Tauuun, umerowmx 6osbluoe NpakTUyeckoe 3HauyeHue, oT-
HOCUTCA KOpPpPeKuusa mnocsieonepauioOHHON KOTHUTMBHOWM
AncdyHKLMN. YCTaHOBNEHO, UTO NauueHTbl nocne KL B yc-
nosuax MK B paHHeM nocneonepaLiOHHOM Nepuoae Mea-
JIeHHee OCBaMBAlOT CJIOXKHbIE ABWKEHUS, TaK Kak MHorue
YacTHble NPOABNEHNA KOOPAMHALMOHHbBIX CMOCOBGHOCTEN
ONMPAIOTCA HAa COXPAHHOCTb MHTENNEKTa, NPOAYKTUBHOCTb
NCUXNYECKUX MPOLLECCOB (OLLYLLEHWUIA, BOCNPUATASA, Nams-
TW, MbILUNEHWSA, CMOCOBHOCTb PerynMpoBaTb SMOLMOHaNb-
Hoe cocTosiHMe) [40—42], pacCTPOCTBO KOTOPbIX pa3BuBa-
eTca B 2-3 pasa yalle npy UCNoNb30BaHUN CTAHJAPTHOTO
meTtoga KLU c UK.

Bronorunuyecko ocHOBOW KOOPAMHALMOHHBIX CNOCO6-
HOCTE ABNATCA CBOMNCTBA HEPBHOW cUCTeMbI (cuna npo-
Lecca Bo30OYyXAeHWA U TOPMOXKEHUS, YPaBHOBELIEHHOCTb
HEPBHOWN CUCTEMbI, MOABUKHOCTb HEPBHbIX MPOLECCOB),
CEHCOpPHbIE CUCTEMbI (3pUTenbHas, CNyxoBas) U KX CO-
XPaHHOCTb, COMAaTOCEHCOPHble peakunn (MPUKOCHOBEHME,
601b, NponpuopeLenuna) n BeCTUBYNAPHbIA OTKIVK, MNPo-
LAYKTMBHOCTb NCUXNYECKMX NPOLECCOB (BHUMaHWE, MAMATb,
MbILLUSIEHME), @ TAKXKe NCUXONornyeckmne ocobeHHoCTu (Tem-
nepameHT, xapaKkrtep, cnocobHocTtn) [38, 43]. Takum 06-
pa3om, KOopAMHALMOHHbIE CMOCOBHOCTV OMpeaensATCaA
Temy NaToGU3NONOrNUYECKUMI 1 NCUXNYECKUMN GYHKLUA-
MU, KOTopble Y naumeHToB, noasepriwmxca KLU B ycnosumax
WK, nmeloT pas3nivyHble OTKIOHEHUA B COCTOAHUN U NOBe-
AeHnn (B ANCOYHKLUN NamATU, BHUMAHUA, HENpoaNHaMn-
KK), YTO 3aTPyAHAET OCBOEHME CJIOXKHO KOOPAMHUPOBAH-
HbIX ABUraTeNbHbIX AencTBUN [44].

TouHble MexaHM3Mbl MOCeoNepPaLVIOHHON KOTHUTUB-
HoW AMCcYHKLMM OCTaloTCA HeACHBIMU. B paae HayuHbIX nc-
cnefoBaHui 66110 NoKa3aHo, YTo VK Bbi3biBaeT 3HauuTeNb-
Hble M3MEHEHNA MUKPOCOCYANCTON PeakTMBHOCTM, YacTo
BeKyLyue 3a cobol BocnaneHue, LepebpanbHyto runonep-
dy3uto 1 uepebpanbHyo MUKpoambonuio [45-48].
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4. 3¢ppekmusHocmob nogedeH4ecKoli pe2ynayuu camo-
ynpaesieHusA ObIXaHuem 6 cepoe4yHo-/1e204Hol peabunu-
mayuu

MpoaHanusnpoBaHbl pe3ynbTaTbl ABYX CUCTEMaTUYe-
ckmnx 063opos 1 5 PKM [10, 14, 15, 49-53], nocBsALIEHHbIE
N3YyYeHMIO BNVMAHUA MPOrpamm paHHen Mobunmnsauumn
Ha napameTpbl AblXaHWA W KOFHUTWBHbIE OCHOXKHEHUSA
y nauueHToB nocne onepaumn KLU. BbiABNeHO 3Hauwm-
TeNbHOE MPEeVMYLLeCTBO OT MPUMEHEHUA TEXHUYECKMX
YCTPOWCTB U AblXaTeNbHbIX TPEeHaXepoB, BO3[eNCTBYO-
WMX Yepe3 CEeHCOPHble CUCTEMbI (BM3yanbHO, aKyCcTuue-
CKM, NponpuroLenTBHO). Korga nocsie HEKOTOPOro yncna
NMOBTOPOB MCMNbITyeMbli HabntogaeT pe3ynbraT BbINosHe-
HUA ynpaxXHeHWn, y Hero GopmMupyeTcA BO3MOXHOCTb
NPOV3BOJIbHO PErynMpoBaTbh MbllEeYHblE HaNpAXKeHUA
N OblXaHue.

Tak, Okamoto J. et al. (2021) npencTtaBunn cpaBHU-
TENbHbIA aHanM3 AelcTBUA CTAaHZAPTHOM MNpPOrpammbl
NeroyHomn peabunurtayun, BKIOYAIOWEN NHTEPBaNbHOE
rMNoKCcMyeckoe KOHAMLMOHMPOBaHWE, TPEHUPOBKY [bl-
XaTeNIbHbIX MbILL, TPEHWPOBKY Ha BbIHOCAMBOCTb U Me-
TOAMKY BbINMONIHEHUA BOKaJIbHbIX fibIXaTeNbHbIX YNpaMHe-
HWUIM C UCNONb30BaHNEM KNaBULIHON FyGHON rapMOLLKN.
YctaHoBneHo, uTo nauuneHTbl ¢ XOBJT npu ncnonb3osaHmnm
My3blKaJIbHOrO MHCTPYMEHTa MOTJIv Jierye perynupoBaTb
Bpema 1 06bem AbixaHuA, BOOUTbCA KOHTPONA obbema
BblJOXa W, TAKUM 06pa3oM, ynyuwnTb AbixaTenbHble 00b-
embl (OOB1/®MXEJT), ueM naumneHTbl KOHTPOJSIBHOW FPYyM-
nbl [10].

C ppyroi CTopoHbl, 60MblIOe KONMYecTBO Habntoge-
HUA CBMAETENbCTBYEeT O TOM, YTO B afanTMBHYIO peak-
Um0 GYHKUUN [blXaHUA 3HAUUTENbHbIA BKag BHOCUT
nosefeHvyeckoe BmellatenbcTBo [14, 15, 49].Yu S., Fan H.
(2023) npuBOAAT faHHbIe NCCNefOBaHNA «NOBefEeHYECKO-
ro BMelLaTeNbCTBa B COYETAHUN C TPEHUPOBKOW [blxa-
HUA» Ha BOCCTaHoBNeHMe QYHKUMW NEerknx y naunmeHToB
C pecnupaTopHoi natonorunen. Mo gaHHbIM pe3ynbTaToB
nccnenoBaHuA, fOKa3aHo, YTO UHANBUAYaSbHblE METOAbI
camoperynsaunm B CoOYeTaHUM C TPEHUPOBKOWM AblXaHUA
KOPpPeKTNPOBanu KOrHUTUBHYIO AUCPYHKLMIO (BHUMaHMe,
MblLUIEHNE, COCOBHOCTb PerynnpoBaTbh SMOLMOHaNIbHOe
COCTOsIHME), pecnnpaTopHbIe CUMNTOMbI (Kallenb, oTxap-
KMBaHMe, ofblllKa, ctecHeHne B rpyaun) n TOH (p < 0,05)
Mo CPaBHEHMIO C OObIYHBIM YXOAOM, JIEYUEHMEM U PEKO-
MeHAauuAmMM nNo 3goposbio [15].

OpHako, no pgaHHbiM Bentley T.G.K. et al. (2023), 3¢-
$EeKTUBHOCTb BMELLIATENIbCTB CHUXKAETCA NPY ANUTENbHbIX
nepepbiBax U TPEHUPOBKAx 6e3 KOHTPONA UHCTPYKTopa
no neuebHon ¢uskynotype (JIOK) [14]. Tak, nccneposa-
HuA, npoBeaeHHble Herkert C. et al. (2021), noka3anu, uTo
npu KapanonynbMOHanbHON TenepeabunuTtaumnmn Ha [omy
ANA NauNeHTOB C TAXeNbIMU COYETaHHbIMU CEpPAEYHO-TIe-
roOYHbIMK 3a60neBaHNAMN HabNOAANOCh CHUXKEHUE NpK-
BEPXXEHHOCTU BCNEACTBUE TEXHONOTMYECKUX 3aTpymHe-
HWUI, YTO YKa3blBaeT, MO MHEHWIO aBTOPOB, «Ha Ba>XHOCTb
WHTErpauumn TeXHNK N3MeHeHUs NoBegeHna C UCMOb30-
BaHVeM afanTBHbIX MeToAoB 06yyeHmnaA» [53].

CywecTBYyOT AaHHble, YTO MPU MOANITUONOTNYECKUX
COCTOAHUAX (HEBPONOrMYECKMX, MCUXONOrNYecKMX pac-
CTPOWCTBaX) ANA [OCTUXKEHUA Hambonee 3¢ deKTUBHOIO
pe3ynbTata peabunnTauMoHHbIX MEPONPUATUN [OSKHbI
NPUMEHATbCA MeTofMYecKre Mprembl, CTUMYupyloLlmne
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60ee BbICOKME NPOABIEHNA KOOPANHALMOHHbIX CNOCO0-
HOCTEel, OKa3blBalowue BVAHME HA pearnpyoLwyto n Ku-
HEeCTETMYECKYI0 CMOCOOHOCTb (BPeMA NPOCTON 1 CIOXKHOW
3pUTENbHO-MOTOPHON peakunmn, TaKTUIbHO-KUHEeCTeTu-
yeckas TOYHOCTb BOCMPOM3BEAEHUA 3afaHUI), KOTopble
BO MHOrom onpegenaoT 3¢PeKTUBHOCTb YnpaBlieHUA
npoLeccom KoopanHauum asmkeHnn [54]. Takne metoam-
yecKkue nprembl cogepat auddepeHumpoBaHmne yCunmi,
BpPEeMeHMU, MPOCTPaHCTBA M PUTMa ABUXEHWA, COBEPLUEH-
CTBYIOLMX CNOCOOHOCTb OLEHMBaTb 1 OTMepMBaTb Napa-
MeTpPbl ABVXKEHUI B NpoLecce 0byyeHns gBUraTebHOMY
OencTBulto.

5. MemooOsI pecnupamopHo20 mpeHuUH2a 8 Kapouopea-
6unumayuu

Cpean MeTofoB pecnmpaTopHON Kapauopeabunuta-
UMM B HacTosiLlee Bpems Hambosee nsyyeHbl, BO-NEPBbIX,
yNpa)KHEHMA Ha paccnabneHne Npu BbINOSIHEHUN MefJ1eH-
Horo rny6okoro abixaHus [13, 50].

Bo-BTOpbIX, AbixaTenbHble TpeHnpoBkn [9, 37, 50, 55,
56], HanpaBfieHHble Ha pPa3BUTME CUMbl K BbIHOCIMBOCTU
LbIXaTeNbHOM MyCKynaTypbl AnA NPeofoneHna Cuibl ana-
CTUYECKOrO COMPOTUBEHNA NIETKNX, CONPOTUBIEHNA dNa-
CTUYECKOrO NOTOKa B TPaxeoOpOHXMaIbHOM fiepeBe U COo-
NPOTMBNIEHNA HEe3NaCTUYHbIX TKaHel (Hanpumep, pebpa)
C Uesfblo YBENNYEHUS KU3HEHHOW eMKOCTU NErKnX, B TOM
yncrne C NoOMoLLbIO CreLmnanbHOro o6opyaoBaHMA U Ablxa-
TesIbHbIX TpeHa)kepoB. K TakUM TpPeHMpPOBKaM OTHOCATCA
TPEHNPOBKM C BBEAEHUEM B KOHTYP AbIXaHWA LOMOSHU-
TESIbHOTO PE3NCTMBHOIO COMPOTUBNEHUA MNOCPELCTBOM
AblxaTenbHbIx TpeHaxepos (Threshold, CLUA) [37].

Tak, Cordeiro A.L.L. et al. (2022) usyyanun BnuaHue abl-
XaTeNbHbIX TPEHMPOBOK Y MALMEHTOB C BbICOKMM PUCKOM
nocsieonepaumoHHbIX JIEFOYHbIX OCNOXKHEHUI: KYPALLKX,
¢ XOBJ1 cpegHen n Taxenon cteneHn TAXeCTN, NUHOEKCOM
maccbl Tena 6onee 27 kr/m>. OBbHapyeHo, YTo B rpynne
C TPEHNPOBKAMU AblXaTeSbHbIX MbILUL, CTaTUCTUYECKU CHU-
)anacb YyacTtoTa pa3BUTUA aTefleKTa3a M MHEBMOHUM, YTO
NOBANANO HA NPOAOIKUTENIbHOCTb NPebbIBaHMA B CTaLMO-
Hape (9 = 3 gHA npoTnB 12 £ 4 gHA, p = 0,04) [51].

Dsouza FV. et al. (2021) ¢ nomoLwybto MeTaaHanmsa npu
CPaBHEHMM CpefHUX MOoKasaTenen NpuUBOAAT AOKa3aTesb-
CTBa ynyulleHnsA neroyHon GyHKUUK, CUnbl gbiXaTeSbHbIX
MbILL, 1 GYHKUMOHANbHOW CNOCOOHOCTM Y NaLMEHTOB, ne-
peHecLInx onepaunio Ha cepaLe Nocsie TPEHNPOBOK MblLUL
BOoxa [9].

OfHaKo [daHHbIX NUTEpPaTypbl, MOCBALEHHbIX KOOpP-
AVHAUMOHHOWM TPEHUPOBKe B Kapauvopeabunutaumm, He-
LOCTaToyHO. Mpu 3TOM BAMAHWE KOPPEeKUMM KoopauHa-
LMOHHbIX B3anMMOLENCTBUI [bIXaTeNIbHOW MYyCKynaTypbl
B Pa3BUTUM OPOHXONErOYHbIX MOCeoNnepaLoOHHbIX OC-
NOXXKHEHWNI HaUMEHEEe N3YUYEHO B NMPaKTUKE XUPYpPruyeckon
Kapanopeabunutaumm [48, 57, 58].

Tak, Xiang Y. et al. (2023), npoaHanu3upoBaBLne pe-
3ynbTaTbhl HeckonbKux PKW, nokasanu, Yto TpeHMPOBKY Abl-
XaTeNIbHOM MyCKynaTypbl Obinn CBA3aHbl CO 3HAUYNUTENIbHO
6o5ee HMU3KUM PUCKOM MOCIeonepaLMoHHON MHEBMOHUN
(p < 0,0001) n atenekrasa (p = 0,0002), HO He oKa3blBanu
BAUAHMA Ha CHMXKEHWe MNocsieonepaumoHHOro rmapoTo-
pakca (p = 0,76) [57], uto cBUAETeNbCTBYET 06 OrpaHmye-
HUN 3KCKYPCUIA TPYAHON KNETKM 1 MOBEPXHOCTHOM TuMe
AbIXaHus.
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PaHee (2021) aBTopamu o630pa 6Obina paspaboTaHa
nepcoHneULMpPOBaHHaA NporpamMma  pecnupaTopHOi
Kapanopeabunutayuu, BKAYaoLWas MeTOANKY Pa3BUTUA
HaBbIKOB KOOPAMHALNN ABUXKEHWUA B PErynaumnm ablxaHUA
[58]. MpocToe paHAOMM3MPOBaHHOE UCCNef0BaHNE BKIIO-
yano 73 naymeHTa (58 My>XUnH 1 15 eHLWKWH) co cTabunb-
Ho WBC, lI-lll dyHKUMOHanbHOro Knacca, nepeHecLunx
onepauuio peBackynapulaumMM  KOPOHAPHbIX apTepui
(KLL) ¢ MIK. B koMnneKkcHOW paHHen MeauLMHCKON peabu-
nmTaumm (c 9-10-ro aHA no 22-25- feHb) cpaBHMBaNacb
30 deKTUBHOCTb 00yYEeHUA yNpaBieHNa CBOUM AblXaHNEM
npu TMnosBomM metoge rpynnosoin JIOK n metopguke cosep-
LUEHCTBOBAHNA KOOPAMHALMOHHBIX CrnocobHocTell npo-
N3BOJIbHO PErynnpoBaTb CBOE AbIXaHWe Npu VHAUBUAY-
aNbHbIX 3aHATUAX AblXaTeIbHOM rMMHacTUKon. ObyueHne
[BUraTefibHbIM OEACTBUSIM OblIO COMPSPKEHO C Koopau-
HaLMOHHOWM MOArOTOBKOW, BKJovaloweln GbopmMmpoBaHme
YMeHWI LenecoobpasHo CTPOUTb CBOE ABMXKEHNe, YnpaBs-
NATb M U NPU HeobXogMMoCTU BbICTPO MNepecTpanBaTb
ero npwu gbixaHum [58].

Pesynbratbl PKW nokasanu, uto ncnonb3oBaHve MeToau-
KN COBEPLUEHCTBOBaHA KOOPANHALMOHHbBIX COCOBHOCTEN
CaMOynpaB/ieHNs AbIXaHWEeM MOCSe OTKPbITOM onepaumm
Ha cepgue noBblWaeT 3GPEKTUBHOCTb AblXaTeNbHbIX YNpaX-
HEHUN NPEeANoONIOXKNTENBHO BCNEACTBYE COBEPLUEHCTBO-
BaHMA OUOMEXaHWUKWN fblxaHuA. McnbiTyemble NpoaemMoH-
cTpupoBanu 6onee Bbicokme nokaszatenu TOH (p = 0,005)
v catypauum kucnopopa (SpO,, %) npw BbiNOHEHW TeCTa
¢ dmsnyeckon Harpyskon (p = 0,04). B obeunx rpynnax cHu-
3US10Cb KONMYECTBO MALMEHTOB C NPU3HAKaMM rmapoTopaK-
Ca, OfHaKO B 3KCMEPUMEHTaNIbHOWM rpynmne no CpaBHEHMUIO
C KOHTPOJIbHOW MALWEHTOB C OC/TOMKHEHMAMU OblNIO 3HaUM-
TesnlbHO MeHbLe (p = 0,001) [58]. Pe3ynbTathl MccneqoBaHNUA

CBUAETENbCTBYIOT, YTO MeToAMKa OOyueHUsa KoopavHaumu
AblXaHWA, NpYMeHAeMasn Y NaumMeHToB B paHHel peabunmTa-
LMy nocrne OTKPbITON onepaumn Ha cepaue, obecneursaert
perpecc nocneonepaLoHHbIX HapyLIeHWIA NaTTepHa AblxXa-
HMA Y UHCMNPATOPHbIX YCUNNIA B KOMMEHCATOPHbIX OTBETaX
pecnMpaTopHON CUCTEMbl Ha MOCeonepaLuoHHble 13Me-
HeHVA B perynauMmn BHELIHEro AblXaHWs, KoTopble BAMAIOT
Ha pa3BuTME BPOHXONIErOUYHbIX OCNTOKHEHWI [58].
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PE3IOME

BBEJEHUE. CaxapHbi guabet (C[l) y naumneHTOoB C TPaBMaMU HUXKHX KOHEYHOCTEN ABNAETCA rnobanbHol npobnemor 3qpaBooxpa-
HeHuA. CoyeTaHvie STUX NaTOJOTMIA y OAHOIO NaLueHTa TpebyeT NpoBeAeHUA PeabuIMTaLMOHHbIX MEPONPUATAI ANA BOCCTaHOBIIEHUA
MaKCMManbHOMN GpYHKLMOHANIbHOW aKTVBHOCTY 1 MOAAEPKaHNA UCXOAHOMO KauecTBa »un3Hu nauveHTos. CJl Kak camocToaTebHasA na-
TONOrnA OKasblBaeT HeraTMBHOE BAVAHME HA 3[0POBbEe MaLMeHTa, a TakXKe OTAroLaeT TeuyeHne BOCCTaHOBUTEIbHOTO neproaa nocne
TPaBMaTUUYECKOro MOBPEXAEHNA KOCTEN, yBeIMunBan pruck He6naronpuAaTHbIX MCXOA0B B PaHHEM 1 MO3AHEM MocsieonepalioHHOM
nepuopax.

LIEJ1b. MNMpoaHann3npoBaTtb HayyHble faHHble 3a 2013-2023 IT. 0 NPYMEHEHUN METOL0B MEAULIMHCKON peabunutauum y nauveHToB
C TPaBMaMU HVKHIX KOHEYHOCTE 1 CaxapHbIM AnabeTom.

OCHOBHOE COAEP>KAHMUE. Mowvck nposoaunca B uctouHnkax Web of Science, PubMed 1 Scopus B cOOTBETCTBMM C MpUHLMNaMu
PRISMA v BbisiBUN NepBOHavanbHO 181 3anuch. M3 HYx 45 cTaTein 6bliv BKOYEHbI B UCClieAoBaHe ¢ nybnukauuven 2013-2023 rr. boinu
1Cnonb3oBaHbl Kntouesble coBa: «lower limb injuries», «diabetes mellitus», «rehabilitation», <mechanotherapy», «physical therapy»,
«physiotherapy». B 0630pe nutepatypbl NpoBOAUTCA aHanu3 ny6anKaumii, Ha OCHOBaHUM KOTOPOro CAienaH BbIBOA O TOM, YTO Npu
TPaBMaXx HVXXHUX KOHeYHOCTel y nauyueHToB ¢ C[1 Heo6XxoAMMO yyacTve CreumanmcTtoB MynbTUANCLUUMIMHAPHON KOMaHAbl AN COo-
CTaBJIEHMA ONTUMANbHOW peabrnnTaLioOHHOW NPOrpaMmbl, HaLleIeHHO Ha NPeAOTBPaLLeHVIe BOSHUKHOBEHA OCIIOXKHEHWI 11 UX NPO-
rpeccupoBaHna, Ha JOCTVKEHVE CKOPEWLLEro 1 MOIHOro BOCCTAHOBMIEHUA YTPayeHHbIX GyHKUMIA. [lepcoHan3npoBaHHbI NMOAXOA,
VHAVBYAYaNbHO Nofo6paHHble MeTOAbI Tepanuy 1 MPYIMEHEHNE COBPEMEHHbIX TEXHOOMMI MOMOTYT JOCTMYb HaVTYYLLINX pe3yrbTa-
TOB B BOCCTAHOBJIEHUU NaureHToB ¢ C[] 1 TpaBMaMu HUPKHUX KOHEYHOCTEN.

3AKJTIOMEHUE. B 0630pe cpopmynmpoBaH BbiBOS 06 OCHOBHbIX 3afjauyax peabmnutaumm, KOTopble BKIOYaoT: KOHTPOJb YPOBHSA Mi0-
KO3bl 1 MeTaboNIMYeCcKrX HapyLIEHW; OCMOTP 1 YXO[ 3a NOBPEXAEHHbIMU TKAHAMU C Liesiblo NPodunakTuKky passutra A38 1 HOK-
LMPOBaHVA TPaBMMPOBAHHbIX KOXKHbIX MOKPOBOB; MOCTEMNEHHOE yBenunyeHre Gu3nyeckon Harpysku; Lesin AOMKHbI YUnTbiBaTb WH-
AVBUAYyanbHble 0COOEHHOCTY NaLMeHTa; UCNOb30BaHe MeTOAoB dusmoTepanuy Ana yayylleHns MUKPOLMPKYIALMN U akTUBaLMN
pereHepaLuy TKaHel (UpeckoxHas anekTpoHenpoctumynauua (Y9HC), asnekTpopopes, MarHUTHbIE NONA, yNbTpaToOHOTEPanus, Kpro-
Tepanua, nasepoTepanus, JapCOHBaNU3aLmsa, MMNYybCHble SNIeKTpuYecKme nonsa, ynbTpasByKkoBas Tepanus, 030kepuToTepanus 1 ne-
novigoTepanus); NPUMEHeHVe MexaHoTepanumn ¢ 6MonorMyeckon o6paTHON CBA3bID N POOOTU3NPOBAHHbBIX CUCTEM AJIA MOBbILEHNA
o6bLeln BbIHOCIIMBOCTY, CUMIIOBbIX MoKasaTenew, ynyJweHna yHKUMM 6anaHca 1 GOpMMPOBaHUA NPaBUIbBHOMO CTEPEOTUNa XOAbObI
(peabunutauroHHan AOPOXKKa C BM3yasibHOM obpaTHo cBA3bio 0 xofbbe C-Mill).

KJTHOYEBDIE CJTOBA: caxapHbiit gra6er, peabunutaLivis, TpaBMbl HIXHNAX KOHEYHOCTEN, po6OTH3MpOBaHHas MexaHoTepanus,
Pr3nyeckan Tepanusa, drsnotepanua.
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Medical Rehabilitation after Lower Limb Injuries in Patients with
Diabetes Mellitus: a Review

Valeriia A. Vasileva®, ') Larisa A. Marchenkova, 2 Daria I. Otvetchikova, 2 Elena A. Rozhkova,

Anatoliy D. Fesyun

National Medical Research Center for Rehabilitation and Balneology, Moscow, Russia

ABSTRACT

INTRODUCTION. Diabetes mellitus (DM) in patients with lower extremity injuries is a global health problem. The combination of these
pathologies in one patient requires rehabilitation measures to restore maximum functional activity and maintain the patients’ initial
quality of life. Diabetes as an independent pathology has a negative impact on the patient’s health and also aggravates the recovery
period after traumatic bone injury, increasing the risk of adverse outcomes in the early and late postoperative periods.

AIM. To analyze the scientific data of the last ten years on the use of medical rehabilitation methods in patients with lower extremity
injuries and diabetes mellitus.

MAIN CONTENT. The search was conducted in Web of Science, PubMed, and Scopus according to PRISMA guidelines and initially
identified 181 records. Of these, 45 articles were included in the study with publication periods 2013-2023. Key words used: lower limb
injuries, diabetes mellitus, rehabilitation, mechanotherapy, physical therapy, physiotherapy. The literature review analyzes publications
on the basis of which a description is made that in case of injuries of the lower extremities in patients with diabetes, the participation of
specialists from a multidisciplinary team is necessary to draw up an optimal rehabilitation program aimed at preventing the occurrence
of complications and their progression, achieving a speedy and complete recovery of lost functions. A personalized approach,
individually selected therapy methods and the use of modern technologies will help achieve the best results in the recovery of patients
with diabetes and lower extremity injuries.

CONCLUSION. The review formulated a conclusion about the main objectives of rehabilitation: which include: control of glucose levels
and metabolic disorders; examination and care of damaged tissues in order to prevent the development of ulcers and infection of
injured skin; gradual increase in physical activity; goals should take into account the individual characteristics of the patient; the use
of physiotherapy methods to improve microcirculation and activate tissue regeneration (transcutaneous electrical nerve stimulation
(TENS), electrophoresis, magnetic fields, ultratonotherapy, cryotherapy, laser therapy, darsonvalization, pulsed electric fields, ultrasound
therapy, ozokerite therapy and peloid therapy); the use of mechanotherapy with biofeedback and robotic systems to increase overall
endurance, strength, improve balance function and form the correct walking stereotype (rehabilitation track with visual feedback
about walking C-Mill).
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BBEOEHUE NOXHEHWI AnabeTa, BO3PACTHbIX MU3MEHEHWIA UV TPaBM,

C n3meHeHnem obpa3sa XU3HW 3a Noc/iefHNe AecaTu-
NeTnsA, CHUXeHneM GU3nyeckor akTMBHOCTM HaceneHuns
N Pa3BUTUEM KyNbTypbl «ObICTPOro» NUTAHWUA CaxapHbIii
avabet 2-ro tuna (C[2) ctan pacnpocTpaHEHHbIM 3a-
6onesaHnem Bo BceM mupe. C 2000 r. rmobanbHaA 3a-
6onesaemoctb C[2 yBenuumnacb BTpoe [1]. Obuias
yncneHHocTb nauueHtToB ¢ CL1 B Poccuiickon Pepepa-
LMK, COCTOALMX Ha AncnaHcepHom yyeTe Ha 01.01.2021,
no paHHbiM OIBY «OHAOKPMHOMOTMYECKMIA HAyUHbIN
ueHTp» MuHsgpasa Poccum, coctaBndAet 4 799 552 ye-
noseka (3,23 % HaceneHua Poccunckon Oepepauyun),
N3 HUX C caxapHbiM grabetom 1-ro Tmna (CA1) — 5,5 %
(265,4 TbIC.), ¢ CO2 — 92,5 % (4,43 mnH) [2, 3]. C co-
BEpLUEHCTBOBaHMEM MOAXOAOB K TMMAOMIMKEMUYECKOMN
Tepanun CJ] 3HaunTeNbHO yBenMYUNacb U NPOAOIIKU-
TENIbHOCTb XU3HU 3TUX NaumMeHToB. TakMm obpasom, 06-
pa3oBbiBaeTcA 6onblwana nonynayma nuy ¢ Cl, Kotopble
nmeroT GyHKLUMOHaNbHble OrpaHNYeHNA BCNeCTBME OC-

cnefoBaTeslbHO, OHY HY»KAatoTcA B peabunutaumn. YcTa-
HoBneHo, uto CJl NnpencTaBnAeT OCHOBHYIO rnobanbHyto
NPUUYNHY COKPALLEHUA CPOKa »KM3HN 6€3 MHBaNMgHOCTU
N YBENNYEHUA NET XKN3HU, NPOXUTbIX C MHBANMAHOCTbIO
(years lived with a disability, YLD). Mpwn aToM y Kaxporo
yeTBepToro naumeHTa c C[12 3aboneBaHne 1 ero 0C/IoX-
HEHVA OCTaloTCA HeJMarHOCTUPOBAHHbIMUY, fa)Ke B pas-
BUTbIX CTpaHax [4].

OunabeTnyeckana Henponatua (AH) cny>uT ocHOBHOM
npuynHon GopmnpoBaHna GyHKLMOHaNbHbIX OrpaHmnye-
HUI y nuy ¢ CO [5]. XapakTepHbIMY »kanobamm nauneHTos
¢ [IH aBnsatoTca: 60nb (Tynasa u CUMMeTPUYHasdA, B AUCTaNb-
HbIX YaCTAX HUKHUX KOHEYHOCTEN 1 CcToNnax); napecte3uu
(nokanbiBaHWe, 3A6KOCTb, NON3aHNe MypaLlekK); X>KeHne
U OHEMEHNE B HYXHUX KOHEYHOCTAX; CyOPOr B MblLu-
Luax roneHenm n cton; cnabocTb; BeretaTMBHO-TpoduUe-
CKMe HapyleHus, BnnoTb Ao dopmmnpoBaHusa Tpodpuye-
CKMX A3B 1 gedpopmupytowen octeoaptponatmm (JOAR).
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Taknum obpaszom, Ha poHe CJ] moryT pa3BuTbCA cnegyto-
Wwue GyHKLMOHanbHble HapyLlueHus [5, 6]:

+ OrpaHNYeHNs B MOOUNbHOCTY;

* YXyALUeHVie KoopArHaLMU 1 CTabrnbHOCTY NPy Xoaboe;

* CHVKEHME CUITbl U TMOKOCTY;

+ Npobnembl C MENKOWM MOTOPUKOW;

+ CEHCOPHbIN febuumT;

* OrpaHnYeHne camoobCyKMBaHNA.

Pa3BuTre y naymeHTa ocnoxkHeHun CJl, ocobeHHo [H,
TpebyeT KOMMNEKCHOro MOAXOAa, KOTOPbIA  BK/OYaeT
He TONbKO MefVKaMeHTO3HOe fieyeHne, HO N MefULUH-
cKyto peabunutaumio. OCHOBHbIMU CBOWNCTBaMW YHUBEP-
canbHOro BO3JeNCTBUA U TpeboBaHUAMU, NpebABAAeMbl-
MU K $U3nMoTepaneBTMUYECKUM MeToAam AnAa nevenna OH,
ABNATCA HEUHBa3NBHOCTb, 3ddeKTMBHOCTL 1 Ge3zonac-
HocCTb. He cyulecTByeT egnHOro nogxofa kK peabvnutauyun
nauneHToB ¢ C/l, ogHaKo MMeeTcA 3HaunTelbHaA HayyHas
6a3a, fieMoHCTpurpyiowwasn 3bPeKTUBHOCTb U 6e30MacHOCTb
nprMeHeHna pusmotepanmm, pepnekcotepanmm n MeToabl
neye6bHom GpukynbTypbl (JTOK) [6].

LEJ1b

MNpoaHanu3npoBaTb HayyHble AaHHble 3a 2013-2023 rr.
O MNPUYMEHeHNN MeTOAO0B MelWLMHCKOW peabunutaumm
y MaUMEHTOB C TPaBMaMU HUMHUX KOHEYHOCTEN 1 caxap-
HbIM abeTom.

OCHOBHOE COOQEPAHUE OB30PA
Memooel peabunumayuu npu caxapHom ouabeme

CornacHo KAMHMYeCcKMM pekoMeHgaumam MuH3gpasa
Poccum, naumenty ¢ C[12 B OTCYTCTBUE 3HAUYMMON MeTabo-
NNYeCKON fekomneHcaumm 1 6e3 BblpaXKeHHbIX CTagui oc-
NOXKHEHU ANA ynyyleHna obLlero coCToAHUA 340POBbA
MOXeT 6blTb peKOMeH0BaHO CaHaTOPHO-KYPOPTHOE neye-
Hne — GanbHeonorMyecKne KypopTbl C MUTbEBBbIMU MUHE-
panbHbIMK BOZaMU 11 BOZAMU MUHEepPanbHbIMU NPUPOAHbI-
MW AN1A Hapy>KHOro GanbHeoTepaneBTUYECKOro NpUMeHe-
HuA. LlenecoobpasHo 1cnonb3oBaHue Takmx GpakTopoB, Kak
anetnyeckas tepanua, JIOK [7].

Y nauneHToB ¢ [IH pekomeHayeTcA [OCTUXKEHUE 1 MOA-
JepXaHve NHAMBUAYaNbHbIX LiefieBblX NoKasaTenen yrne-
BOAHOro obMeHa 1 yxof 3a Horamu s npefoTBpalleHuns
NPOrpeccupoBaHnA OCIOKHEHUA N MUHUMM3ALUN PUCKa
pa3ButuA Tpoduueckmnx a3e. Y naymeHtor ¢ JOAI peko-
MeHAyeTCA NPOBOANTb PerynsapHble KOHCYNbTalumm Bpava-
TpaBMaToJiora-opToneaa Asa nogbopa VHANBUAYANbHOMO
opToneauyeckoro nocobus (06ysu, opte3oB N T. 4.) [7].

Peabunutayms naumMeHToB C COYETAHHOW CEPAEUYHO-CO-
CYAMCTON NaTonornen BKAYaeT B cebA nogaepkaHune nH-
AVBUAYyanbHbIX LieneBbIx NokasaTtenen n nunugHoro obme-
Ha 1 apTepuanbHOro AaBneHus, a Takxe paboTy c Apyrumm
dakTopamu pucka. Mpu conyTcTByOLWMX 3a60NeBaHNAX ap-
TEPUIN HAXKHNX KOHEYHOCTEN pEKOMEHAYETCA aKTUBHOE An-
Hamuuyeckoe HabnogeHne cepaeyHo-coCyancToro Xupypra
C perynsipHbiM KOHTPONEM YNbTPa3BYKOBOro AYMiIeKCHOro
CKaHUPOBAHUA apTePU HUMKHUX KOHEYHOCTEN U npume-
HeHue fe3arperaHTHON Tepanun Nnpu HeobxoanmocTu [7].

LUenbto ¢pnsmotepanum npu peabunmtaumm naymeHToB
c OH aBnaetca obecneyeHne obesbonmBatowero u npo-
TUBOBOCMNaNMTeNbHOro 3ddekTa, ynyuyleHne MUKPOLMp-
Kynaumm n metabosnvama B H/MXHUX KOHEYHOCTAX, a TaKxKe
MO BO3MOXHOCTM BOCCTAaHOBJIEHME YTPaUYEHHbIX CEHCOP-

ARTICLES

HbiIX OyHKUMA. banbHeoTepaneBTMUeCcKMe npoueaypbl
BO3[ENCTBYIOT Ha OpraHu3m 4yepes pedneKkTopHble U ry-
MopasnbHble MexaHu3mbl. MuHepanbHble Bofbl, 0obnapas
onpepesnieHHoON TemnepaTypon, XUMUYECKUM COCTaBOM
W rMapoCcTaTUYeCKMMN CBOWMCTBaMM, OKa3blBalOT BO3AeN-
CTBME B NMepBY0 oYepefb Ha peLenTopbl KOXWU U CIn3u-
CTblX 06onouekK [7].
JNIOK npumeHseTca y nauneHToB ¢ C[l n ocnoxHeHnAMM
C Uenblo ycuneHua TepaneBTuyeckoro s¢dekta ¢usmo-
TepaneBTNYECKMX MEeTOLOB W BOCCTaHOBNeHMA 6a30BbIX
ABuratenbHbix GyHKUM. Kpome Toro, ¢dumsmuyeckaa Ha-
rpy3Kka MOXeT 0becneynTb NyULlyro Perynauuto rmmkemun,
npepoTBpaLLeHie NPOrpeccupoBaHnA OCSIOXKHEHUN, obe-
CneynTb NoAAePKKY HOPManbHOM Macchl Tena, ynyJlleHme
GYHKUMOHANbHOTO COCTOAHNA HEPBHOW CUCTEMbI, pacLum-
peHve grana3oHa afanTauMOHHbIX BO3MOXHOCTEN K du-
3MYECKMM Harpyskam, a TakKe ynyJlleHne ncruxo3moLmo-
HaJIbHOTO COCTOAHMA U obecrneyeHre BbICOKOTO KayecTBa
KN3HWK [6, 7].
Takum ob6pas3om, K metogam peabunutaymm npu CJ
MOXHO OTHeCTu cnegytowme [6-9]:
1) YS5HG;
2) nokanbHaa GAOKTyopr3aumsa;
3) NeKapCTBEHHbIV  3neKTpodopes ¢
NPOTUBOBOCMANMNTENbHbBIX NPenapaTos;
4) MarHUTHble nons;
5) ynbTpatoHoTepanus;
6) NoKanbHasA KpuoTtepanus;
)
)

BBeAEHNEM

7) nasepoTtepanus;

8) MeCTHaA fapcoHBanmM3auus;

9) MMNYNbCHblE NEeKTPUYECKNE Nons;

10) ynbTpa3ByKoBas Tepanus;

11) o30KepuTOTEPANUA 1 NeNlongoTepanms;

12) MUHepanbHble BaHHbI;

13) Mmaccax (Knaccnyeckuim, MHEBMOMACCaX, TaliCKUNN);
14) urnopednekcorepanua n akynyHKTypa;

15) neyebHas ruMHacTVKa U TMAPOKNHE30TEPaNnus;
16) po3npoBaHHaA xoabba;

17) mexaHoTepanua.

Io6anvHoe 6pemsa mpasmbl HUXKHUX KOHe4YHocmell

Mpobnema TpaBmaTM3Ma pacrnpocTpaHeHa MO BCemy
MUPY U OO CUX MOpP ABJIAETCA Cepbe3HbIM BbI3OBOM AfA
06LEeCTBEHHOIO 3PaBOOXPaHEHWA, UMEET MeAULIMHCKOE,
coumanbHOe 1 3KOHOMUYeckoe 3HauveHue. fogoson npwu-
pocT TpaBM cocTaBnaeT oT 1,5 go 10 %. Takum obpasom,
TpaBMa npeacTaBnseT cobon naHaeMmo, Kotopas, no npo-
rHO3aMm, CTaHeT BTOPOW Hanbonee pacnpocTpaHeHHON Npu-
UMHOW MOTEPU NET XKM3HM C NONPaBKOM Ha UHBANMAHOCTb
B TeyeHue cnegytowux 13 net [10]. Cpean NpuynH TpaBm
AOPOXKHO-TPAHCMOPTHbIE MPOUCLIECTBMA 3aHUMalOT oT 1,5
[0 16 %, npyuymH nHBanuaHoctn — ot 28,4 no 30 %, cmepT-
Hoct — oT 11 go 33,2 %. Yncno maumeHToB, ymepLUmX
OT TPaBMaTUYECKNX NOBPEXAEHUN 1 MONYYMBLUNX fleYeHne
B CBA3WN C HenpegHaMepeHHbIMU MaJeHUAMN, Pe3Ko BO3-
pocno 3a nocnegHee pecAtTuneTve, npuyem 6onee nosno-
BVHbI 3TOr0 MPUPOCTa NPUXOAUTCA Ha MauMeHTOB CTaplue
65 net [11].

Mo pgaHHbIM Gubin M. et al. (2022), B Poccun nepsoe
MeCTO B CTPYKTYpe TpaBM Y B3POC/bIX TPYAOCMNOCOOHOro
BO3pacTa 3aHMMaloT TPaBMbl 06NaCTV roOIEHOCTOMHOrO Cy-
CTaBa W1 cTonbl. 3a nocnegHure 3 roga Ux KOM4yecTBO 3HaU-
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TeNbHO YBENYMNOCh, aHANIOMMYHO YMCAY TPaBM 3anACTbA
N KNCTWU, 3aHMMaIoLWMX BTOPOe MeCTo. TpaBMbl KOfIEHa 1 Fo-
JIeHN HaXOAATCA Ha TPEeTbeM MecCTe MO PacnpoCTPaHEHHO-
ctu. Mpwn 3TOM NayuneHTbl C NepesiomaMy KOCTEN HUMHUX
KOHeYHOCTel CoCTaBnAT oT 8,5 7o 25 % obulero Konuye-
CTBa NOCTPajaBLUMX C MepeioMmamMm KOCTeln ONOpHO-ABUra-
TenbHOro annaparta [12].

MocKkonbKy TPaBMbl HUXHUX KOHEYHOCTeN MPUBOAAT
K 3HAUNTENTbHOMY OTFPaHUYEHUNIO ABUTATENbHbIX GYHKLWIA,
JaHHble COCTOAHUA TPebyloT CBOeBPEMEHHOW U rpamoT-
HOM nporpammbl peabunutaumn. Onsa HUX XapakTepeH
ONVTENbHbIA Nepuof BOCCTAaHOBMEHMA U/MAnN cpacTaHnA
B C/lyyae nepesioma, KOHTPaKTypbl, HapyLleHne KOHrpy-
SHTHOCTW CYCTaBHbIX MOBEPXHOCTEN W HapylleHue AOBU-
raTesibHbiX GYHKLUIN 1 CTepeoTmna NoxXogku. AnutenbHas
KOHCONMMAaumna nepenoma, CTOMKNEe KOHTPaKTypbl CycTa-
BOB MPUBOAAT K U3MEHEHUAM B1MIOMeXaHMKN ONOPHO-ABK-
raTeNbHOro annapaTa B LefIOM 1 notepe CcounanbHON aK-
TUBHOCTU. [NobanbHoe 6pemsa TpaBM HUXKHEN KOHEYHOCTM
dopmMmpyeTCA TakKe 3a CYET 3HAUUTENIbHOTO CHUKEHUA
KayecTBa »KM3HW NauMeHTOB, NPOAOMKUTENIbHOIO 1 4acTo
[OpOrocToAwero fieyeHua, yTpaTbl TPYAOCNOCOOHOCTHU,
BbICOKOW MHBaNMAmM3auum 1 yTpaTbl CNOCOOHOCTM K CamMo-
obcnyxunBaHuio [13, 14].

Peabunumayus npu mpaeme HUXHUX KOHe4yHocmel

MonHoueHHasa peabunutauma Npu TPaBMax HUKHUX
KOHEYHOCTEN MO3BONIAET YCTPAHUTb aCMMETPUIO KOHeY-
HoCTel, KynmpoBaTb 60Nb 1 BOCCTaHOBUTb [ BUraTeNibHYo
AKTUBHOCTb. [TOCKONbKY AnnTeNbHaa UMMObUnmM3auma crno-
cobcTByeT NPOrpeccnpoBaHnio ABUraTeIbHbIX HAPYLLUEHWIA,
ANA X NpefoTBpaLleHMA U COKpalleHMA CpoKa BOCCTa-
HOBJIEHMA PEKOMEHAOBAHO paHHEe Hayaslo NpoBefeHUs
peabunnnTaumMoHHbIX MeponpuATui. PeabunutaymoHHoe
NneyeHne CyuwleCcTBEHHO COKpallaeT CPOKM BOCCTAHOBIe-
HWUA, MUHUMU3NPYET PUCK BO3HWKHOBEHWA OCIIOKHEHWN
CO CTOPOHbI OMOPHO-ABUraTeNIbHOrO annapaTta, Npu 3Tom
OTCYTCTBME peabunmtaynm MoxeT NpoBOLMPOBATL Pa3BU-
TVe OCTeoapTPUTa, HAPYLIEHUI KoopanHauuu, Gopmunpo-
BaHVe NaToNIorMyeckor NoXoaKu 1 XPoHUYecKoro 6051eBo-
ro cuHgpoma [13].

Mporpamma peabunuTaumUm COCTaBNAETCA C YYETOM
0o6LLEero COCTOAHUA MaUMEHTa, ero HEPBHO-NCUXNYECKOTO
cTaTyca, cnocoba MMMobMM3aLnn, XapakTepucTuk nepe-
noma n apyrux ¢aktopos. B TpaBMaTonornyeckom npak-
TUKEe BbIAENAIT TPY Nepuoaa: nepuog ummobunmsayuu,
NoCTMMMOOUNM3aLMM U BOCCTaHOBUTESNbHbIN. Llenb nepu-
ofa MMMObunmzaumm — obecneynTb YCIoBUA AN MaKCU-
MasibHO BO3MO>KHOI MOTOPHOW akTUBHOCTU NauuneHTa [10].

PeabunutaynoHHble MeponpuATMA HauyMHaAT C Ha-
3HayeHuA JIOK cpasy nocne noctynneHus B neyebHoe yu-
pexpeHune. B pekomeHpaumax HaumMoHanbHOro NHCTUTYTa
3[PaBOOXPaHEHMA 11 COBEPLUEHCTBOBAHUA MeAMLIMHCKON
nomouwn Benukobputanmm (NICE) ykazaHo, UTo cnegyert Ha-
YMHaTb peabunnTaLmIo Kak MOXKHO cKopee 1 n3beratb 3a-
Aepkek. K BOCCTaHOBIEHUIO ABUraTeIbHON GYHKLUN Npu-
CTYnawT yXKe B UMMOobUM3aLMoHHOM nepuroge. HaunHaTb
peabunuTaumio pekoMeHAYyeTcA C ynpaXHeHU C Harpys-
Kol cobcTBEHHbIM Becom [15].

Ha 2-3-i1 geHb nocne TpaBMbl peKoMeHAyeTcA NPUCTy-
MUTb K MAacCax<y BblLe UM HUXKe M’MNCcoBO NOBA3KN. B 30He
nepenioMa paspelleHbl MorfaXunBaHue, NokKosayMBaHue,
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nerkas Bnbpauus. B paHHem nepuoge BO3MOKHO MCNONb-
30BaTb METOAbI MACCUBHOWM TMMHACTUKW. [InA yMeHbLueHnA
6onel 1 oTeka Ha $oHe BOCMANUTENbHON peakuuu npu-
MeHsAT meToabl dursnoTtepanun. OusnoTepaneBTNYeCcKme
METOAbI TakXe BKIIYaT HU3KOUYACTOTHYI MarHUToTepa-
nuio, YNbTPaBblCOKOYACTOTHYIO Tepanuio, snekTpodopes
aHanbreTVKOB 1 Apyrue npoueaypsbl. B noctummo6bunmsa-
LIMOHHbIN Meprog NPUMEHSAIOT aHaorMyHble MeTofbl € No-
CTeneHHbIM YBeNIMYeHeM Harpy3Ku. B HeKoTopbix LieHTpax
peabunMTauMm  NPUMEHAETCA  KUHe3NoTelnupoBaHue,
KOTOpOe MOeT OKa3blBaTb MOJIOXKUTENIbHOE BO3AENCTBUNE
Ha MbllweYyHyto cuctemy [11].

B noctummobunmsaunoHHoM nepuoge nokasaHbl gpe-
Ha>KHbI Macca)< 1 3N1eKTPOCTUMYNALMA MbILUL, ANA BOCCTa-
HOBJIEHNA CEHCOPHOM GYHKLMU, yNyyLIEHUA MUKPOLIMPKY-
NALMM KPOBU 1 OTTOKa NnMbbl. B dyHKLMOHanbHOM 1 Tpe-
HUPOBOYHOM Mepurofax pPeabuNNTaLMOHHbIN KOMMNEKC
pacwmpaeTca u  ycnoxHaetcA. CunoBble TPEHUPOBKU
C NOCTEMNEHHO yBENNUYMBAIOLLENCA Harpy3Kom 1 aspobHble
yrnpaxHeHVA NO3BONAIOT NOAAEPKUBaTb MblLLEYHY Mac-
Cy, NOBbICUTb BbIHOC/IMBOCTb U 06ecneynTb Kak coxpaHe-
Hue, TaK 1 BOCCTaHOBNEHMWe fABrraTeNibHbIX GyHKLmMA [12].

MpotuBonokasanua K JIOK BkniovatoT B ceba: obuiee
TAXKENoe COCTOAHMEe NauneHTa; NPU3HaKN MHTOKCUKaLMK;
CTOWKUI 60NEBON CUHAPOM; YBESIMYEHHDIN PUCK KPOBOTE-
yeHus. OcHoBHble MeToabl JIOK BKovaloT B cebn: neve-
HUe MOoMnoXeHneM; NUOeoOMOTOPHbIe YrpaXHeHus, obLie-
pa3BuBaloLLMe yNparkHeHNA AR 3[0POBbIX KOHEYHOCTeN,
OVHaMUYecKne ynpaxHeHusa ansa cBO60AHbIX OT UMMOOU-
N13aunn CyCTaBOB MOBPEXKAEHHOW KOHEUHOCTW; XOAbOYy
npu TpaBMax BEPXHNX KOHEYHOCTel; XoAb0Oy Ha KOCTbINAX
npu MOBPEXAEHUM HUXKHUX KOHEYHOCTel; n3omeTpuye-
CKMe ynpaKHeHVA ANA HemnoBpeXAeHHOW U TpaBMUPO-
BaHHOW KOHEYHOCTHU (B CJlyyae COMoCTaBIeHNA OT/IOMKOB),
a TakXe [JbixaTeNlbHYl0 TMMHAcTUKY. [pu BbINOAHEHWN
yrnpaxHeHUn BaxHO n3beraTb ycuneHua Gonu. lNepBble
ceaHCbl NMPOBOAATCA MOA KOHTponeM MHcTpykTopa JIOK,
3aTeM NauueHT BbINOMHAET YNpPa)KHEHNA CAMOCTOATENIbHO
2-3 pa3a B fieHb [14].

Ocoboe BHVMMaHMe CTOUT yAEeNUTb HapyLeHWAM Mo-
XOAKW y N, nocne TpaBM HUXHUX KOHeYHocTel. Bo m3-
6exaHve GOpMUPOBaHUA MATONOrMYeCcKoro crepeoTuna
X0AbObl BaXKHO CBOEBPEMEHHO OLeHUTb GYHKLIMIO MOXOAKM
B MauMeHTa 1 Ha3HaunTb COOTBETCTBYOLWME peabunutauu-
OHHble MmeToanku [15].

PeabunuTtauma nocne TpaBM H/MHUX KOHEYHOCTEN MO-
XeT MPOBOAUTLCA KaK B CTaLlMOHAPHbIX, TaK 1 B JOMALUHUX
YCNoBUAX C MOAKMYEHNEM AUCTaHUMOHHOIO Teseme-
OVLMHCKOTO KOHTPONA, CTaBLUEro nomnynAapHbIM Ha ¢oHe
HepasHen naHgemun COVID-19. Cpok BOCCTaHOBMEHUA
3aBMCUT OT OYHKLUMOHANbHOIO COCTOAHMA KOHEYHOCTM.
B pexkomergaumax NICE Takxke coBeTyIOT OLeHUTb, eCTb NN
y YenoBeka KOrHUTUBHbIE, C/TyXOBble, 3pUTENIbHbIE, KOMMY-
HUKaTMBHbIEe HapYyLUEHNA UK SMOLMOHasbHbIe NPobiembl,
KOTopble MOTyT NoBNMATb Ha 3PPeKTUBHOCTb peabunnTa-
UMM N KauyecTBO XM3HW. BaxkHoW cocTaBnsAtoLen YacTbio
peabunuTaumMn ABAAETCA MNCUXONorMyeckasa nopnepxKa
N ncuxoTepanua, UYTO MoMoraeT MauueHTy CnpaBUTbCA
C 3MOLMOHAJIbHbIMKY, KOTHUTUBHBIMWA K MCMXOCOMaThye-
CKUMWM MOCNeAcTBUAMM TpaBMbl. [lpyn HeobxoanmMocTu
B MporpamMmMy peabunutauuu BKIOYalOT TpygoTepanuio,
apT-Tepanuio, paboty c noronegom [10-15].

CTATbU




BULLETIN OF REHABILITATION MEDICINE | 2024 | 23(3)

Ocob6eHHOCMU 80CCMAHOB/IGHUA NOC/ie MPAasmMbl HUXK-
HUX KOHe4Hocmel y nayueHmoe ¢ C/]

YunTbiBas BbICOKYID PacnpOCTPaHEHHOCTb TaKUX CO-
cToaHun, Kak CIl 1 TpaBMbl, a TakXe MOTPeB6HOCTb 3TUX
NnauyneHToB B pPeabunnTauMoHHbIX MEePONPUATUAX, MeLU-
LUMHCKUM paboTHMKaM CTOUT yAenuTb BHMMaHWE cneuu-
dunKe BOCCTAHOBUTENIBHOIO Mepurofa 1 BblbOpy NyyLnX
peabunnmTaumMoHHbIX MOAXOA0B B AaHHOW rpynne nuu. Tem
He MeHee cyllecTByeT fedULUT NCCefoBaHNi, KacatloLwmnx-
cA nocneacTsui TpaBMm y nauuneHTos ¢ CJl, 1 B 3apybexHon,
N B OTeYeCTBEHHOW Hay4YHon nuTepatype [7].

OcCHOBbIBaACb Ha [AaHHbIX O MaTOMM3NONIOrNYECKUX
npoueccax Mpu XPOHUYECKOW FUMNEPIIINKEMUM, MOXKHO
NpeanonoXnTb, 4to Ha poHe CIl n [1H nepunopg BoccTaHOB-
NeHnA nocne TPaBMbl HUXKHUX KOHEYHOCTen bypeT 6onee
ONUTENbHBIM, @ PUCK Pa3BUTUA OCNIOXKHEHUI — 6oslee Bbl-
COKMM MO CPaBHEHWIO C nauyuMeHTamm 6e3 KomMopOugHoN
natonorun. Takum obpasom, AaHHble MauneHTbl TPebytoT
0co60ro nogxoAa 1 NPUCTaNbHOrO BHUMAHNA CO CTOPOHDI
Bpauen-peabunmtonoros [16].

MN3BecTHO, uto Hannure CI cNy>XMUT He3aBUCUMbIM daK-
TOPOM XyALWero MPOrHo3a, oTArowaeT UCXoAbl TPaBMbl
N acCoLMMPOBAHO C BbICOKON rOCMUTaNIbHON CMEPTHOCTbIO
y MauneHToB TpaBMaTONOrnyeckmx otgeneHnn [17-20].

B uccneposaHunm Daly S.L. et al. (2022) n3yuanmcb casu
mexay Hannuvem C2 1 KNMHUYECKMMU NCXO4aMK Y NaLu-
€HTOB CTaplle 45 neT C TAXKeNbIMU TPaBMaMU B YCIIOBUAX
cucTtembl 3gpaBooxpaHeHna CLUA [17]. Mepuop Habnoge-
HnA coctaBun 24 mecaua. M3 11 490 yyaCTHNKOB, AOXMB-
WX [0 BbIMUCKN 13 OONbHULbI, 8493 OCTaBaNNCb XKWUBbI
yepes 2 rofa nocne TpaBmbl. M3 HUX 953 yenoseka (11 %)
ctpaganu CA2, 7540 yenoBek (89 %) He UMENUN HapyLWeHWUA
yrneBogHoro obmMeHa. Y yyacTHMKoB nccnegosanus ¢ CA2
Habntopganca 6onee BbICOKUI ypOBEHb BHYTPUOONBHUYHOW
CMepPTHOCTM MO CpaBHEHMIO C NauveHTamu 6e3 CA2 (19 %
npotnB 16 % cooTBeTCTBEHHO; p <0,001). B rpynne nauyu-
eHToB ¢ C[]2 No cpaBHeHMIO € rpynno nauneHTos 6e3 C[12
yepes 24 mecsAua mnocne TpaBMbl Habnofanucb Xyawwme
nokasatenu ¢pm3nyeckoro GpyHKLNOHNPOBAHNA NO pPacLLm-
peHHON LWKane ncxopos MMasro (oTHoweHwe waHcos [OLL]
0,58, 95 %-11 poBeputenbHbln nHTepBan [AN] 0,48-0,69)
1 6onee HU3KMI WAHC BO3BpaLleHMA K paboTe nnm yyebe
(OW 0,51, 95 % AW 0,37-0,71). NayneHTbl ¢ CA2 nmenu 60o-
nee BbICOKNI PUCK BO3HMKHOBEHMA NPo6siemM ¢ MOBUSIbHO-
cTbto (O 1,92, 95 % AW 1,60-2,30), caMoobCcnyKmBaHnem
(OLL 1,94, 95 % AW 1,64-2,29), noBCeHEBHOM AeATeNIbHOC-
Tbto (OLL 1,50, 95 % AW 1,26-1,79), BOSHUKHOBEHUA 60NN
n guckomoopta (OW 1,75, 95 % AN 1,49-2,07), pa3sutus
TpeBoru n genpeccun (OW 1,45, 95 % AN 1,24-1,70) nnu
nHBanmaHoctm (OW 1,51, 95 % AW 1,28-1,79). ABTOpbI 3a-
KMIoUnAN, YTO y NaLmMeHToB ¢ TAxkenon Tpasmon 1 CA2 npo-
rHO3 Xy>ke, UeM Y NauneHToB 6e3 C[12, Kak BO Bpems rocnu-
Tanmsaumm, Tak u yepes 24 mecAua nocne Tpasmbl [17].

Beaulieu R.A. et al. (2014) B cBoeM HabnwAaTeIbHOM
nccnefoBaHUM B YCNTOBUAX PeaNibHOM KNMHNYECKOW npak-
TUKN TaKXe YCTaHOBWIW, YTO MauueHTbl ¢ anarHosom CJl
N3 TPaBMaTONOMMYeCKMX KIVHMK Yalle BbINMUCbIBANIUCDH
He JOMOW, a B Apyrue 60AbHMLbl, XOCMNCbI 1 JOMa NpecTa-
penbix [18].

Tebby J. et al. (2014) peTpocneKkTMBHO OLEHUNN BNUSA-
Hue CJ] Ha ncxodbl y NauUEHTOB C MHOXKECTBEHHbIMU MO-
BpexgeHnamm [19]. boino npoaHanusmpoBaHo 5489 uncto-
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puii 60ne3HY NaLNeHTOB C NONUTPABMOW, Y 222 13 HUX Obin
CJl, y 2558 naumeHTOB He 6bl10 conyTcTByOWMX 3abone-
BaHWi, ewe y 2709 nuy umenacb KoMopbuaHasa nartoso-
rns, Ho He 6bino C[l. Bonee BbICOKMI ypOBEHb CMEPTHOCTU
6b11 06HapyxeH B rpynne nayueHTos ¢ C[1 no cpaBHeHUIO
C nnuamm 6e3 XxpoHuyeckux saboneraHui (32,4 % npoTms
12,9 %, p < 0,05). iccnegoBatenu yCcTaHOBWUAW, YTO YacTo-
Ta OC/IOXKHEHW, BK/OYAA MOYEYHYI0 HeJOCTaTOYHOCTb,
MHPapPKT MUOKapha, OCTPbIA pPecnupaTopHbI AncTpecc-
CUHAPOM, TPOMBO3MOONNIO IEFOUYHON apTeEPUY U TPOMOO3
rny6oKmx BeH, Bbilwe B rpynne nayneHtos ¢ C1 [19].

Bbonee TAxenoe TeyeHve TpaBMbl 0OBbACHAETCA HU3KU-
MU OYHKLUMOHANbHbIMK U PereHepaTUBHbIMI pe3epBamu
opraHM3Ma Ha GOoHe XPOHUYECKOWN rMneprinkemMmun, CHu-
MEHHbIM VIMMYHHbIM OTBETOM, HapyLUEHUAMN MUKPOLMP-
KynALUM 1 nopaxeHrnem HepBHOWM TKaHW. Kpome Toro, Ha-
nnune CI1 MOXKeT UcKaxaTb KNUHUYECKYIO KapTUHY caMmom
TPaBMbl 1 €e OC/IOKHEHWUI MO MPUYMHE HAPYLUEHUIN YyB-
CTBUTENbHOCTb Ha ¢oHe [IH, uTo co3paeT onpepesneHHble
TPYAHOCTN B AmarHoctuke. Cpean OCNOXHEHWUA TpaBm
HWKHEN KOHeYHOCTel apTpodubpo3 ABNAETCA OfHUM
13 TUMMYHbIX COCTOAHWIA, PUCK KOTOPOIrO MOBbILWIAETCA Npun
Hanuummn y nayneHTta CJ u npu gnntenbHom nMmoobunmsa-
uun. Kpome Ttoro, y nauymeHtos ¢ CoI n JH MuHumanbHble
NOBPEXAEHNA Ha HOrax MOryT NprBoAUTb K GOpMMpoBa-
HUIO TPOPUYECKUX A3B, KOTOPble TPebYT Ha3HaYeHNA Jo-
NOJSIHUTENbHOTO JleYeHWA, NOBbILIAIT PUCK Cencnca N He-
TpaBMaTMyecKknx amnyTaumii. Mepenom Ha ¢oHe amabeTa
MOXeT ANUTEeNbHO CPacTaTbCA U OCNIOXKHATLCA OCTeoMuMe-
nntom [20].

Takum obpaszom, Nobaa TpaBMa 1 NMOBPEKAEHNE HUXK-
HUX KoHeuHocTen y nuy ¢ C[] TpebyeT BHMMaTENbHOMO NOA-
X0[4a, KauyeCTBEHHOro OKa3aHuA MeAMLUUHCKOW MOMOLM
N NpUMeHeHns Hanbonee 3dEKTUBHbLIX N COBPEMEHHbIX
METOAOB peabunuTauuu.

Moodxo0bl K peabunumayuu nayueHmoe ¢ mpasmoli
HUWXHUX KOHeyHocmel u C/j

Ha ¢oHe C[] TpaBMa HMXKHUX KOHEYHOCTEN NpoTeKaeT
TAXKenee, yem y vy, 6e3 komopbuaHol natonoruu. Yro-
Obl yNyyLlWnTb NCXOAbl NaLNEHTOB, He AOMYCTUTb Pa3BUTUA
N MPOrpeccupoBaHna OCNOXKHEHWIA, [OOUTLCA MaKCMMab-
HO BO3MO>KHOIO BOCCTAHOBMIEHUA TPYAOCNOCOOHOCTH, du-
3UYeCKOro 1 CoLManbHOro GyHKLMOHNPOBaHUA, peabunu-
TaLWOHHblE MEPONPUATUA Y AAHHOWN KaTEropun NNLL OSIXK-
Hbl ObITb TWaTenbHO NogobpaHbl. [JonycTMo UCNosb30-
BaTb BCe MeToAbl, NpumeHAeMble npu CI v npu TpaBmax
HPKHUX KOHEYHOCTEN No oTaenbHoCTH [6, 71.

He ctouT 3abbiBaTh O NepBOCTENEHHOM 3HAYEHUN KO-
pPeKuUn rmnepriaMkeMmm U conyTCTBYOLWMX MeTabonnye-
CKMX HapyweHun. Bce peabunmtaumoHHble MeponpuaTUA
LOJKHbI MPOBOAUTBLCA Ha POHE rPaMOTHO MoAobpaHHON
CaxapoCHMXKatoLwWwen Tepanuu, NpW LeeBblX 3HAaYeHUAX
rNOKO3bl KPOBWU, NMyJSibCa M apTepranbHOro AaBfeHWs, afekK-
BaTHOW rMapaTtaumn, BHe COCTOAHMA aumngosa [21].

Y nuy ¢ CL1 Heobxoammo ocoboe BHUMaHUE yaenAaTb
OCMOTpPY MOBPEXAEHHbIX TKAHEN 1 MocneonepaLoHHON
paHbl, ecnn TakoBaa MmeeTcA. PerynapHas cmeHa nosAs-
KM 1 KayeCTBEHHaA CaHaLuA, CBOEBPEMEHHOE BbIAB/IEHME
NPW3HaKOB NPUCcoeaNHEHNA THOMHON MHGEKLMN MO3BOAUT
n3bexkaTb OCNOXHEHUA U GOPMUPOBaHMA TPODUUYECKMX
A3B [22].

M3IIATY [TV 13 VATTISVA 'V VIIIITVA
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CrapT peabunutaumy fomkeH 6biTb MakcMMasbHO Lia-
OAWKM, NMOCKOMNbKY ¢u3Myeckne pesepBbl y MaLMeHTOB
¢ CJl, Kak NpaBuUNIO, CHUXKEHbI, OCOOEHHO Y NOXWAbIX, ANN-
TenbHoO cTpagatownx Cll Ha poHe HeyaoBNETBOPUTENBHON
KOMMeHcaumm, N Npv 3HaunTenbHoOM macce Tena [14].

CnepyeT CTaBWUTb peanuCTUYHble Lenu peabunutaumu,
CTapaTbCA AelICTBOBATb MO3TAMNHO 1 NOCTEMNEHHO, C MOHVMa-
HVIeM KOHTeKCTa 1 BbITOBbIX YCNIOBUIA CAMOTO MaLMEHTa, yue-
TOM ero NpeAnoYTEHUN 1 OXMAAHWIA, YTO NMOBbLICUT MOTMBA-
LMo, MPUBEPXKEHHOCTb 1 0becneynT nyuwni pesynbtat [15].

PeabunuTtaumoHHaa nporpamma obA3aTeNnbHO AOMKHa
BK/IOYaTb MeToAbl pr3moTepanuu, Tak Kak UMEHHO OHMU
MMeIOT MaKCUMasbHbI MeTabonnyecknin SGPeKT 1 oKasbl-
BalOT UHTEHCMBHOE MeCTHOe AeNCTBre, No3BONAA fOOUTb-
CA ynyyweHna MUKPOLMPKYNALMN 1 KPOBOOOpalLeHWA
B 30He TPaBMbl, TEM CaMbIM YCKOPAA MPOLEeCChbl pereHepa-
umn. Y9HC n gpyrve metofbl CTUMYNALMN HEPBOB 0O0CHO-
BaHbl y 1L, C BbipaxeHHon JH [23].

PerynapHas agekBaTHas dur3nyeckas Harpy3ka no3BonmT
MOBbICUTb afanTaLMOHHble pe3epBbl OPraHnU3ma, BbIHOCIU-
BOCTb, CUNY 1 TMOKOCTb. Kpome TOro, n3secTHo, uto pursnye-
CKas Harpyska CrnocobCcTByeT HOpMann3aLum ypoBHSA MTIOKO-
3bl B KPOBMU. [1penouTUTeNIbHbIM BbIrNAAUT NPYMEHEHVE Me-
TOAOB MexaHoTepanuy ¢ 6MoNornYeckon 06PaTHON CBA3LIO
(BOQ). aHHble MeToabl BKIOYAIOT B Ce65 TPEHNPOBKM C NpW-
MeHeHVeM CreLmanbHbIX BbICOKOTEXHOOTUYHBIX TPeHae-
pOB, pa3paboTaHHbIX C yueToM 0cobeHHOCTel BrIoMeXaHNKN
OMOPHO-ABMraTeNIbHOroO annaparta 1 obecneyrBaloLWmX Mo-
HUTOPMPOBaHMNE BUTaNbHbIX QYHKLMI NaLlyeHTa B peanbHOM
BpPEeMeHN, YTO NO3BOMAET NoyyaTb MHPOPMaLIMIO O COCTOA-
HVW OpraHy3ma, HeJOCTYMHYIO MPK 0ObIYHbIX YCNIOBUAX [24].
MopobHble TpeHaxepbl AoKa3aTenbHO 6ornee 3GPeKTUBHDI
1 obecneunBatoT NyULnin KOMMIAEHC, HETPaBMaTUYHbI U MO-
3BONAOT NOACOPaTH ONTYMANbHYIO JO3MPOBaHHY Harpys-
Ky. [lnA naymeHTa 3T0 NO3BONAET NEPCOHANM3MPOBaTh Gr3u-
yeckyto Tepanuio, Aenas ee bonee cneuydUUecKon.

HapyweHua gBuratenbHbiX GyHKLMIA 1 NaTonornyeckas
NnoxofKa, XxapakTepHble ANnA TPaBM HMKHUX KOHEUYHOCTeN,
Takxe TpeObyloT AMarHOCTUKM U KOppeKunn y naumeHToB
c CQl. ®opmmpoBaHMe NPaBUIbHOIO CTepeoTnna XoabObl
BO3MOXHO TaK»e Npu UCMonb30BaHNM CreLmanbHbIX Tpe-
Ha)kepoB B BuAe 6erosbix goporkek ¢ BOC [25]. JaHHbIN me-
TOZ CNOCOOCTBYET CKopellleMy BOCCTaHOBNEHMIO YTpayeH-
HbIX QYHKLMIA 1 HAaBbIKOB, TakK Kak OCHOBaH Ha NpUHLMNax
HeMponnacTMYHOCTN — CMOCOOHOCTU HEPBHOW CUCTEMbI
M3MEHATb CBOI CTPYKTYPY U OYHKUMIO Nof BO3AEeNCTBU-
em onbiTa u obyyeHua. MNprmepom Takoro NoAxofa MoxeT
CTaTb peabunuTaLMoHHan [OPOXKKa C BM3yanbHOWN 0bpaT-
Ho cBA3bto 0 Xofbbe C-Mill, koTopas WrpoKo ncnonbsyer-
CA B MeVLMHCKON NPaKTUKe 1 CYLLLeCTBEHHO yNyyllaeT no-
KasaTenu AMHaMrK1 XOAbObI M YyCTOMUMBOCTU Y NaLMEHTOB
Pa3nnYHbIX MeNLMHCKNX rpynn. PO60TU3NpOBaHHbIe CUC-
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TeMbl MPUMEHAIOTCA KaK 1A BbIMONHEHNA NPOCTbIX U MO-
BTOPAIOLMXCA ABUXKEHWIA, TaK M NS OCYLLeCTBNEHNA bonee
CNIOXKHOW, KOHTPONMPYEMOW MYSBTUCEHCOPHON CTUMYNA-
UMM MauUeHTOB. JTO CMOCOOCTBYET yBENUUYEHNIO YPOBHA
aKTVBHOCTU 1 y4acTUA NaLMEHTOB, YTO B AlaNibHelLLeM ba-
FOMPUATHO CKa3blBAETCA Ha UX COCTOAHMM. [laHHbIN MeToA
bu3nyecKo Tepanmm, OCHOBaHHbIN Ha NPUHLMUMAX MOTOp-
Horo obyuyeHus, otnmyaeTca 3¢pPeKTUBHOCTbIO 1 6e3onac-
HOCTbIO, MO3BOMIAET MPOBECTU OOBEKTVBHYIO OLIEHKY pe-
3ynbTaToB peabunnTalMoHHOro Kypca [26].

3AKJTIOMEHUE

1. C v TpaBMbl HUMXHUX KOHEYHOCTEN ABAAKTCA r0-
6anbHON Npobnemoit 34paBOOXpPaHEHMA. DTU COCTOAHUA
TpebyloT NpoBeaeHNA PeabnnnTaLMOHHbIX MePONPUATUN
[J1A BOCCTaHOBJIEHNA MaKCUMaNbHOW GYHKLMOHaNbHOCTH
1 KauyecTBa *M3HU nauneHTos. Hannune CI1 otsarowaert Te-
YyeHne BOCCTaHOBUTENIbHOIO Neproaa Nocsie TpaBM, a Tak-
e CNy>KUT He3aBMUCUMbIM GakTOpOM HebNaronprATHbBIX UC-
XO[0B, CMEPTU, PA3BUTUA PAHHUX U NMO34HUX OCOXKHEHWIA.

2. MNpu TpaBMax HUXHMX KOHEUYHOCTeWN y MnaLueHTOB
¢ CJ1 Heobxoanmo ocoboe BHUMAHWE, KOMMIEKCHbIN Moj-
XOA Y yyacTme MynbTUANCUUMINHAPHON KOMaHAbl ANA CO-
CTaBfeHMA OMTUMANIbHOWN pPeabunnTaLMoOHHON MNporpam-
Mbl, HaLeNeHHOW Ha NPeAoTBPaLLEHME NPOrpeccnpoBaHnA
N Pa3BUTUA OCTTOXKHEHWIA, [OCTUXKEHNE CKOPENLLEro 1 NoJi-
HOro BOCCTaHOBMEHUA YHKUMIA. [epcoHann3npoBaHHbIN
noaxoA, UHAMBMAYaNbHO NoJoOpaHHbIe MeToAbl Tepanun
N MPYMEHeHNEe COBPEMEHHbIX TEXHOMOMMIN MOMOryT fo-
CTUYb HaWNYYLWNX Pe3ynbTaToB B peabunutauymm nayneH-
ToB ¢ C[] 1 TpaBMamMu HMPKHUX KOHEYHOCTEN.

3. OcHOBHble CTpaTernn peabunuTaunmn BKIIOYAIOT:
AVHaMMyecKoe HabntofeHne, KOHTPOMb YPOBHA FIOKO3bI,
npefoTBpaLleHne metabonmyeckmx HapyLeHuin; o6paboT-
Ka MOBPEXAEHHbIX KOXHbIX MOKPOBOB, NpeaynpexaeHme
pPa3BUTUA A3B 1 UX NHOMLMPOBAHMA; NOBbILEHWE ajanTa-
LIMOHHBIX BO3MOXHOCTEN OpraHn3mMa; Lenm peabunmtaumm
LOJIXKHbI ObITb PEaNINCTUYHDI, YUNTbIBATb MHANBUAYANbHbIE
0COBGEHHOCTU NauneHTa.

4. MeTofbl BOCCTAHOBUTENBHOIO SlIeYeHUA NPU AaHHbIX
NaToNOrMAX OCHOBAHbI Ha UCMOJIb30BaHUKN ¢U3MoTEpPaNnnn
ONA yNyUlWeHna MUKPOLMPKYNALMM 1 aKTMBaLMW pereHe-
paunn TKaHen (Y9HC, snekTpodopes, MarHUTHblE MONS,
YNbTPaTOHOTEPANNA, KpuoTepanus, nasepoTtepanus, gap-
COHBanM3aLumaA, VMMyNbCHbIe 3NEKTPUYECKMe MNONsA, Yib-
Tpa3ByKoOBaA TepanudA, 030KepuUToTepanusa 1 nenouporte-
panuvA); NPUMEHEHUN MexaHoTepanuu C Guonornyeckom
06paTHOW CBA3bID U POOOTUINPOBAHHBIX CUCTEM ANA MO-
BblLLEHNS 06LLeN BbIHOCIIMBOCTM, CMNOBbIX MOKa3aTenen,
ynyJlweHma GyHKLmMM 6anaHca n GopmmnpoBaHnA NpaBuib-
HOro cTepeoTmna xoabbbl (peabunuTaumMoHHas [OPOXKKa
C BU3yasnbHoW obpaTHOM CBA3bIo 0 xofbbe C-Mill).
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O60CcHOBAHME UCMONb30OBAHUSA MAFHUTOYYBCTBUTENbHbIX 6MOMATEPUASIOB
B KIIMHUUYECKOM NPAKTUKE AN CTUMYNSALUM pereHepaumm
KOCTHbIX TKAHEW’: 0630p NUTEepPATypbl

Mapkos N.A.", 2 KoctpomuHa E.10., = ®ecioH A.A1., '~ Epemun N.C.

OIbY «HayuoHanbHeIl MeduyuHCKUL ucciedo8amesnbckuli yeHmp peabunumauyuu u Kypopmosnozuu» MuH3z0pasa Poccuu,
Mockea, Poccus

PE3IOME

BBEJEHUE. B HacTosALWee BpeMs MHTEHCUBHO BEAYTCA pa3paboTKy HOBbIX O1MomaTepranos Ass nosbiweHns 3GdeKTMBHOCTM BOCCTa-
HOBJIEHUS NMOBPEXAEHUI TBepAbIX U MArKMX TKaHel. [peanoxeHbl HOBble NOAXOAbl U MeToAbl GYHKLUMOHanv3aumm 6riomatepuasnos,
no3BonALLMe NOBbICUTb PEreHePaTVBHbIN NOTEHUMAN 6IOMUMETUYECKUX KOHCTPYKLUIA, B TOM YMC/E NCMOMb3yeMblX A1 BOCCTAaHOB-
NEeHUA NOBPEXAEHHONW NN YTPAYeHHON KOCTHOW TKaHU. OfHUM 13 TaKNX METOL0B ABMIAETCA MCMONb30BaHNE MarHUTHbIX HAHOYACTUL,
(MHY). JaHHbIN noaxof ABNAETCA HOBbIM M MOKa elle Masio N3yYeHHbIM, TEM HE MeHee eXXerofjHoe yBefnyeHne Konmyectsa nyonmka-
LuiA No AAaHHON TeMe CBUAETENbCTBYET 06 MHTepece 1 NepCneKTUBHOCTY N3YyYeHUst MeAUKO-6uonornyecknx ceoncts MHY.

LIEJ1b. MpoBecTu nutepaTypHbI 0630p HayYHO-NCCNEA0BATENbCKMX PAabOT, MOCBALLEHHbBIX U3YUYeHNI0 eiCTBUA MarHUTOUYBCTBUTE Nb-
HbIX 6riOMaTepunanoB Ha GYHKLMOHANbHYO aKTUBHOCTb KJIETOK, yYaCTBYIOLLMX B BOCCTAHOBJIEHWN MOBPEXAEHHON KOCTHOW TKaHW.
MATEPUAJIbl U METO[bI. JlntepatypHblii 0630p npoBoamncsa no 6azam gaHHbix PubMed 1 Scopus. KntoueBble €10Ba, NCNonb3yemble
InA npoBefeHusa nowvcka: «<magnetic nanoparticles» (MarHUTHble HaHOYacTULbI), «6riomaTepuanbl» (biomaterials), «<ocTeonHayKUMA»
(osteoinduction), «pereHepauusa Koctu» (bone regeneration). atbl 3anpocoB — deBpanb-mapT 2024 ., rnybuHa 3anpoca — 2000-
2024 rr.

OCHOBHOE COAEPXAHME. MpepnnoxeHbl HOBble Noaxofbl U MeToabl GyHKLUMOHanm3aumm uomatepuranos. OgHMM U3 TakuUX nog-
X0[0B ABnAeTcA ncrnonb3dosaHne MHY. TpagnunoHHo B meauumHe MHY nprimeHAOTCA B KayecTBe KOHTPACTHOrO areHTa ana ynyu-
LIeHNA BU3yanv3aumm pakoBbIx onyxonei, Kpome Toro, MHY MoryT BbICTynaTb B KauecTBe MaTpuLbl B CUCTEMAX afpeCcHON JOCTaBKY
NeKapCTBEHHbIX CPEACTB 1 B rMNepTepMUYECKOl Tepanny pakoBbix onyxonei. HoBble SKcnepuMeHTasnbHble JaHHble MOKa3biBakoT, YTO
ncnonb3oBaHne MHY B kKayecTBe MarHUTOUYYBCTBUTENIbBHOrO KOMMOHEHTa B GUOMaTepuranax — nepcrnekTyBHbIA CNocob cTUMynauum
BOCCTaHOB/EHNA KOCTHbIX edeKToB 1 nepenomoB. lNokasaHo, 4To MoandULMPOBaHHbIE HAaHOYACTULAMM GUOMaTeprasbl CTUMYNPY-
10T OCTeOreHHyio AndpdepeHLMPOBKY CTBONOBbIX KNETOK, MOBbILIAIOT NPonvdepaTMBHYIO0 aKTUBHOCTb U CEKPeLnio 6eJIKOB MEXKIeTou-
HOro MaTpMKCca KOCTHbIMU KNeTKaMu.

3AKJTIOYEHUE. VHTerpaumsa MHY ¢ opraHMyecKMmU 1 CUHTETUYECKUMUW NOAMMEPAMU 1 APYTMU BMOMUMETNYECKMU KOHCTPYKLN-
AMM — MNepCrneKkTUBHOE HamnpasfieHve AfiA co3daHusa 6riomaTepuanoB MeauLMHCKOrO Ha3HauyeHWs, Hanpas/ieHHbIX Ha MoBbllleHre
3bPeKTMBHOCTU pereHepaLmy KOCTHbIX fedeKToB. icnonb3oBaHre MarHUTOUYyBCTBUTENbHbIX G1IOMaTepranoB NO3BOMAET CO3AaBaTb
«YMHble» TKaHENHXXeHepHble KOHCTPYKLUN, yNPaBseMble BHELHUMI SNIEKTPOMarHUTHbIMU CTUMYTaMU.

KJTKOMEBDIE CJTOBA: snextpomarHutHoe nosie, MarHUTHble HaHOYaCTULbl, GYIOMaTepHabl, OCTEOVNHAYKLIVA, pereHepaLya KOCTU.
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Rationale of Using Magnetically Sensitive Biomaterials
in Bone Tissue Therapy: a Review

Pavel A. Markov", Petr S. Eremin

National Medical Research Center for Rehabilitation and Balneology, Moscow, Russia

Elena Yu. Kostromina, '/ Anatoliy D. Fesyun,

ABSTRACT

INTRODUCTION. Currently, new biomaterials are being intensively developed to improve the efficiency of repair of damage to hard
and soft tissues. New approaches and methods for functionalizing biomaterials have been proposed. One such method is the use of
magnetic nanoparticles. This approach is new and still little studied, however, the annual increase in the number of publications on this
topic indicates the promise of studying the osteogenic effect of magnetic nanoparticles.

AIM. To summarize the results of current research devoted to studying the effect of magnetically sensitive biomaterials on the functional
activity of cells involved in the reparation of bone tissue damage.

MATERIALS AND METHODS. A literature review was conducted using the databases PubMed and Scopus. Keywords used to conduct
the search: electromagnetic field, magnetic nanoparticles, biomaterials, osteoinduction, bone regeneration. Request dates: February-
March 2024, publication period 2000-2024 years.

MAIN CONTENT. New approaches and methods for functionalizing biomaterials have been proposed. One such approach is the use
of magnetic nanoparticles (MNPs). Traditionally, in medicine, MNPs are used as a contrast agent to improve the visualization of cancer
tumors; in addition, MNPs can act as a matrix in targeted drug delivery systems and in hyperthermic therapy of cancer tumors. New
experimental data show that the use of MNPs as a magnetically sensitive component in biomaterials is a promising way to stimulate the
repair of bone defects and fractures. It has been shown that biomaterials modified by nanoparticles stimulate osteogenic differentiation
of stem cells, increase proliferative activity and secretion of extracellular matrix proteins by bone cells.

CONCLUSION. Integration of MNPs with organic and synthetic polymers, and other biomimetic constructs is a promising direction for
creating osteogenic biomaterials for medical use, including those aimed at increasing the efficiency of regeneration of bone defects.
The use of magnetically sensitive biomaterials makes it possible to create “smart” tissue-engineered structures controlled by external
electromagnetic stimulus.

KEYWORDS: magnetic nanoparticles, biomaterials, osteoinduction, bone regeneration.
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BBEOEHUE

lMNoBblweHne 3$pPeKTUBHOCTN BOCCTAHOBIIEHWA CITOMKHbBIX
KOCTHbIX TPaBM ABMAETCA KIMHUYECKON NpobnemMoi, pelue-
HVie KOTOPOW UMeET KaK CoLnanbHoe, Tak 1 SKOHOMUYECKoe
3HaueHuie. «30M0TbIM CTaHAAPTOM» B TaKMX CITyYasx CIyXKWUT
MCNONb30BaHMe KOCTHbIX ayToTpaHcriaHTatoB. OpHako
OrpaHVYeHHOe KONIMYeCTBO KOCTHOW TKaHW, 60Nne3HeHHOCTb
npoueaypbl, a TakkKe 3a4acTylo TAXKeNloe COCTOAHME Mmauu-
€HTOB MPEnATCTBYIOT LUMPOKOMY MPUMEHEHUIO ayToTpaH-
cnnaHTauun. Mcnonb3oBaHne 6uomatepuanoB Ha OCHOBe
annoTPaHCMIAHTaTOB UM AeMUHEPaNN30BaHHOMO KOCTHOTO
MaTpurKCa TakxKe MMeeT CBOW OrpaHnNYeHIs, CBA3aHHble C He-
KOHTPONMPYEMbIM OCTEOMHAYKTUBHbIM AieICTBNEM, BbICOKON
MUMMYHOIeHHOCTbI0, PUCKOM UHGUUMpoBaHua 1 ap. [1, 2].

Kpome ayToTpaHCNNaHTaToB M anioTPaHCMIaHTaToOB
[NA BOCCTAHOBJIEHNA KOCTHOW TKaHU MOTYT ObITb MCMONb-
30BaHbl 6uomaTepwmanbl, Yalle BCEro Afig 3TOro UCnosb3y-
I0TCA TMAPOreNnn U3 KosnareHa, anbrHaTta, XMTo3aHa, npo-
N3BOAHBIX MOJIOYHON U TNIKONIEBOWM KUCNOT U UX KOMIMO-
3mymn [3, 4. HecmoTpa Ha TO YTO K HacToALeMy BpeMeHn
pa3paboTaHbl TEXHOMOIMW CO3[AaHUA OMOMUMETUYECKINX
KOHCTPYKLMI Ha OCHOBE MPUPOAHbIX U CUHTETUYECKNX NO-
numepoB, nx 3PdeKTMBHOE 1 MacwTabHoe MpYMeHeHre
B K/IMHWYECKOWN MpaKTMKe orpaHuyeHo. B cnyvae ucnonb-
30BaHMA NPUPOAHbIX MOMNMMEPOB OrpaHMumBaloWmnM dak-
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TOPOM ABMIAETCA CTaHAapTM3auusa XMMUYECKOro COCTaBa
N MaKpPOMOJEKYISAPHOM CTPYKTYpPbl NONMMEPOB, apXUTeK-
Typbl 1 TOnorpadrv NOBEPXHOCTU, MEXaHNYECKUX CBONCTB
6uomaTepranos, N3roToBJIEHHbIX Ha NX OcHoBe [5]. Kak un3-
BECTHO, VIMEHHO MepeyYnciIeHHble CBOWNCTBA ONpefensaoT
KNETOYHbIN 1 TKAHEBOW OTBET Ha UMMIAHTUPYeMble BrioMa-
Tepuansbl [6]. BuomaTtepuranbl U3 CUHTETUYECKIMX NOSIIMEPOB
npole nopdaloTcA CTaHAapTM3aumMm no GUsnKo-Xxnmmye-
CKMM 1 CTPYKTYPHO-MeXaHNYeCKUM CBONCTBaM, OOHAKO UX
NPUMeHEHVE B KayecTBe VMMMIAHTUPYyeMblx GriomaTtepua-
JIOB OC/IOMKHAETCA UX HU3KOW BMOCOBMECTMMOCTbBIO C KIeT-
KamMu 1 TKaHsIMK yenoBeka [7, 8.

B HacToslee Bpems MHTEHCMBHO BedyTcA pa3paboTku
HOBbIX OGUOMaTepunanoB AnA MNoBblWeHUA 3GGEKTUBHOCTU
BOCCTaHOBJEHMA MOBPEXKAEHUA TBEPAbIX Y MATKUX TKaHEN.
MpepnoxeHbl HOBble MoAxofbl M MeToAbl YHKLMOHaNM-
3aumn 6uomatepuanos. OguH M3 TaKMX MOAXOJOB — WUC-
Nnosib3oBaHMe MarHuUTHbIX HaHodactuy, (MHY). BknioueHune
HaHOYaCTUL, C MarHUTHbIMK CBOMCTBaMU B OroMaTepuasbl
no3BosAeT NpuaaTb 3adaHHble GyHKUMOHaNbHbIe CBONCTBA
6romaTepuanam, U3rotToBIeHHbIM KaK M3 CUHTETUYECKNX, TaK
N NPUPOAHLIX NonnMmepoB. CMOCOBHOCTb TaKNX MarHUTOUYB-
CTBUTESIbHbIX MaTePVaNoB 3ajaHHbIM 006Pa30oM pearmpoBaTb
Ha BHELUHME 3MIEKTPOMArHMUTHbIE BO3AENCTBUA paclumpAeT
CNocobbl NX NPUMEHEHWSA B KIIMHUYECKOW NpaKTuKe.
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[aHHbIN Noaxop B Cuily CBOEN HOBM3HbI MOKa elLle Mano
n3yyeH. Tem He MeHee C Kax<biM roJoM KONIM4eCTBO ny6nu-
KaLuin B HAY4YHOW NnTepaType No 3TON TeMaTuKe yBeNnunBa-
etca. Tak, Hanprmep, KONMYecTBo NybnnKaumn 3a 5 net no
3anpocam «magnetic nanoparticles» B 6a3e gaHHbix PubMed
¢ 2004 no 2008 r. coctasuno nopagka 3000 pesynbraTos,
a 2019 no 2023 r. yxe npubnnsnnock K 16 000, T. e. Konunye-
CTBO OMYyOGNMKOBaHHbIX pe3ynbTaToB UCCNefoBaHW yBenu-
umnocb 6oree yem B 5 pas. [prMepHO B TOW e NPonopLI
YBeNIMUMBAETCA KONMYECTBO NyOnmnKaumin Ha Temy buomeau-
LIMHCKOrO MPUMEHEHMA MarHWUTHbIX HaHovacTul, (magnetic
nanoparticles biomedical applications).

Takum 0b6pa3om, fiaHHbIe IMTePaTypbl YKa3blBaloT Ha Bbl-
COKMI MHTepec K n3yyeHnio MHY 1 nx npumeHeHnto B KOH-
CTpynpoBaHUM GruomMaTepuanos C 3aaHHbIMU MeANKo-61o-
NOrMYeCKUMM CBONCTBAMM ANA TKAHEBOW U KNETOUHOM UHKe-
Hepun.

LEJ1b

MpoBecT nMTEepaTypHbIA 0630p Hay4yHO-UCCEenoBa-
TeNbCKNX PaboT, MOCBALLEHHbIX M3yUYeHWI0 AeCTBUA MarHu-
TOUYBCTBUTENbHBIX GUOMaTepuanoB Ha QYHKLUOHANbHYIO
AKTUBHOCTb KJIETOK, Y4YaCTBYIOLMX B BOCCTAHOBJIEHUM MO-
BPEXKAEHHOWM KOCTHOW TKaHMW.

MATEPWUAJIbI U METOAbI

JNutepatypHbii 0630p nNpoBoaunca no 6a3am AaHHbIX
PubMed un Scopus. KntoueBble c/ioBa, UCMosfib3yemble Osis
npoBefAeHNA Noncka: kmagnetic nanoparticles» (MarHuTHble
HaHouacTuubl), «briomatepuanbl» (biomaterials), «ocTeo-
nHayKums» (osteoinduction), «pereHepauua koctu» (bone
regeneration). [laTbl 3anpocoB — peBpasnb-MapT 2024 ., ry-
6uHa 3anpoca — 2000-2024 rr.

OCHOBHOE COOAEPXAHUE OB30PA
KnemouHbitli cocmae KocmHoU mKaHu

KocTHaA TKaHb MpefcTaBfieHa YeTbipbMA BUAAMU pe-
3MAEHTHbIX KNETOK, 3TO OCTEOLUTbI, OCTe06MacTbl, KNeTKN
KOCTHOW BbICTUMKM N OCTeoKNacTbl. Hanbonee 3HaumMmonm
Mo YNCAEHHOCTU MONYAALUN KOCTHbIX KNETOK ABMAIOTCA
ocTeounTbl, cocTaBnAwwmne 6onee 90 % OT BCEX KIETOK
KOCTHOM TKaHW. OCTeounTbl HE TONIbKO CaMble MHOFOYUC-
NEeHHble, HO 1 Hanbonee AONTOXMBYLLME KNETKM, MPOAOI-
XKUTENbHOCTb UX »KM3HU gocTuraet 25 net [9]. OcteounTsl
BbIMOMHAT QYHKUMUIO perynauum metabonmsama KOCTHOW
TKaHu [10, 11]. Bropasa no yncneHHOCT! NoNynAaumna KNeTok
KOCTHOW TKaHW — 0CTeo61acTbl, UMEHHO 3TU KNETKUN reHe-
pUpPYOT 61K KOCTHOFO MaTpUKca 1 GOPMUPYIOT KOCTHYIO
TKaHb [12, 13].

KneTkn KOCTHOWM BbICTWUAKK, MOXanyn, camble Manounsy-
YeHHble KNEeTKN KOCTHOW TKaHu, YTo, MO-BUANMOMY, CBA3AHO
C MeToAMNYECKMU OFPaHUYEHNAMU, @ UMEHHO OTCYTCTB/EM
o6LWEeNPUHATLIX MapKkepoB 1 3GHEKTUBHBIX METOOB UX Ce-
NEKTUBHOrO BbigeneHus. lMpepgnonaraeTcs, 4to ¢GYHKUMO-
HasflbHOe Ha3HauyeHue 3TUX KNeTOK COCTOUT B yaaneHun ae-
MVHEpPanM30BaHHOIO MaTpUKCa U KOHTPOe MMHEPaIbHOroO
obmeHa [14, 15]. Kpome TOro, yCTaHOBNEHO, UTO KJIETKU KOCT-
HOW BbICTUIIKA MOTYT ClY»KUTb CBO€OOpasHbIM Jeno OCTeo-
61acToB, NOCKOJMIbKY 06nagaloT crnocobHocTblo anddeper-
LMpOBaTbCA B aKTMBHbIe ocTeobnacTbl [16, 171].

OcTeoKnacTbl — 3TO BblCOKOCNeUndryHbie MHOroAgep-
Hble paroynTMpyowme KAeTKU reMOono3TUYeCckoro npowuc-
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XOX[OEHWA, OHU efMHCTBEHHble 00nafaloT CMnoco6HOCTbIO
K pe3opbummn KocTu. Kpome TOro, ocTeoKknacTbl y4acTByoT
B perynauum GyHKLMOHaNbHOM akTUBHOCTM MMMYHHOW CUC-
TeMbl 1 UMMYHHOM OTBeTe Ha aHTureHbl [18, 19].

[oBOpA O KNETOYHOM COCTaBe KOCTHOW TKaHW, HeNb3A He
YNOMAHYTb NOMYAALMIO KOCTHBIX MYNbTUMOTEHTHBIX Me3eH-
XMMasbHbIX CTPOManbHbIX KneTok (MMCK). KoctHble MMCK
pacrnonaratTcA B KOCTHOM MO3re 1 ABMAITCA NpeALlecTBeH-
HVKamn ocTeobnactoB, AndpdepeHLUpPYsACb B KOTOPbIX OHU
NOCTOAHHO BOCMOJTHAIOT Ny KNeTOK KOCTHOM TKaHu [20]. Tak-
e kocTHble MMCK perynmpytoT akTMBHOCTb KITETOK KOCTHOM
TKaHW 1 KNETOK MMMYHHOW cucTembl [21-24].

Takum 06pa3om, KOCTb — 3TO YHUMKasbHaA TKaHb, KOTO-
paA NOCTOAHHO W MOJSIHOCTbIO PereHepupyeT, APKUM Mnpu-
MepOM TOMY CIY>KUT 3aXKMBJIeHMe nepenomos. LienoctHocTb
1 GYHKUMOHANbHOCTb KOCTe NopaepxrBaeTca bnaropapa
HenpepbIBHbIM NpoLieccaM peMofenvpoBaHns, NPU KoTo-
pbiX CTapas 1 MOBPEXKAEHHaA KOCTb 3aMeHAETCA HOBOW.

OpHako cyLlecTBYIOT Cilyyan, KOrga pereHepatmBHasA
NoTPebHOCTb MOBPEXAEHHOWN TKaHW BbIXOAWT 3a Npepenbl
HOPManbHOro MoTeHUMana caMoBoccTaHoBneHUA. Kak npa-
BWJIO, TaKoe MpoucxoauT npu Aedektax KocTel Kputmnye-
CKOTroO pa3mMepa, BO3HUKLUMX B pe3yfibTaTe opToneamnyeckmnx
WNW YenioCTHO-NMLEBBIX OnepaLuiA, Noce TpaBMm, MHGeKLUMIA
1 pesekuunin onyxonen. Bo Bcex aTnx cnyyaax Heobxoaumbl
KNMHWYECKoe BMELLATENbCTBO M SHAOMEHHaa CTUMynAuMA
pereHepaLmm KOCTHOW TKaHW.

Cmumynayuu pezeHepayuu KOCMHbIX MKAHelu MadzHUmM-
HbIMU HAHOYACMUUamu

MHY npeacTaBnAT cobor HaHOPa3MepHble KpUCTabl
pa3nnyHoin GopMbl, N3rOTOBSIEHHbIE U3 KObGanbTa, HUKenA
N >Kenesa, a TakKe NX MPOU3BOAHDIX, Kak, Hanpumep, aLeTus-
aueToHaT M NeHTakapboHWN Xenesa, MarHeTUT U MarremmT
(puc. 1). YHukanbHoctb MHY cocTouT B TOM, YTO 3TV MarHuT-
Hble KpWCTanibl eMOHCTPUPYIOT CyrneprapamarHUTHoe Mno-
BeeHne, a UMEHHO HaMarHMYeHHOCTb NoJ BANAHNEM BHELL-
Hero MarHUTHOro MO U HyNEBYI0 HaMarHNYeHHOCTb Nocsie
yAaneHua BHELHero 3eKTPOMarHUTHOrO BO3AENCTBUA.
[laHHOe CBOWCTBO MO3BOMAET YNpPaBAATb GU3MYECKMU,
XUMUYECKMU N BMOMOMMYECKMM CBOMCTBAMM KaK CamMmX
MHUY, TaK 1 copepaLyux nx buomartepumanos [25].

Mpn ncnonb3oBaHWM B KANHWYECKOW MPaKTUKe BblIGOp
TEX WM UHbIX MeTannoB Ans marotoeneHma MHY obycnos-
JIEH B NepPBYI0 oUepenb NX TOKCMYHOCTLIO. B HacToALee Bpe-
Ms ania nsrotoseHns MHY, KoHTaKTUpYyoLWwyx ¢ Grionorude-
CKUMUM CUCTEMAMM, NCMONb3YOTCA HaMMeHee TOKCMYHbIE MU-
Hepasibl — MarHeTUT 1 MarremuT, nNpeacTaBnAlLWwme cobom
MoanduKaLmm okcaa xenesa [26]. Kpome toro, MHY 13 ok-
CUIOB Kenesa CrocobHbl COXPaHATb CyrneprnapamarHUTHbIe
CBOWCTBA MNPV KOMHaATHOW TemnepaType v npu ¢pusnonoru-
YeCcKMX 3HaYeHUsAX KucnoTtHoctu (pH 7) [27, 28].

OcHoBHble paKTopbl, BMAOLME HA UINKO-XUMUYECKME
XapPaKTEPUCTMKIN U Bronormyeckme CBOMCTBa HAHOYACTUL, —
pa3mep 1 dopma HaHOCTPYKTYp. Hanprmep, MHY pasmepom
6onee 30 HM HarpeBaloTCA MHTEHCUBHEE, YEM YacCTMLbl pas-
Mepom MeHee 20 HM. Dopma HaHoYacTUL onpefensaeT ux
MarHUTHbIA OTKJIMK, arloMepaLnto 1, COOTBETCTBEHHO, 61O-
JIOrMYECKUIN OTKNK KakK Ha KNETOYHOM, TaK 1 Ha TKaHEBOM
ypoBHe [29, 30].

TpagnumoHHo B meguumHe MHY nprmeHsaioTca B Kave-
CTBE KOHTPACTHOrO areHTa AnA ynyuleHusa Bu3yanusaumu
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Puc. 1. /1306pakeHns MHY, nonyyeHHble c ncnonb3oBaHrem npocseyrBatollen (A-D) 1 aneKTPOHHOW CKaHupytoLen
Mukpockonuu (E-P): A — cheprueckune yactuubl; B — Kybuueckne yactuubl; C — HaHokonbua; D — uBeTkoobpasHbie
yactuubl; E — rpnboobpasHble yacTuubl; F — Kyb6oobpasHble yactuubl; G — nnacTrHyaTtble yactuubl; H — cTpyKTypbl
pombosapuyeckon dopmbl; | — annanncongHolie 3D-cTpyKTypbl; J — HaHOCTepXHW; K — HaHowenyxa; L — Kybuueckue;
M — nopucTble chepbl; N — cnokHoopreHTUpoBaHHble LBeTkM; O — 3Be31006pa3sHble; P — BOrHyTble okTasgpbl [29]
Fig. 1. Transmission (A-D) and scanning electron microscopy (E-P) image of MNP: A — spherical; B— cubic; C— nanoring;
D — flower-like; E — mushroom-like particles; F — cube-like particles; G — plate-shaped particles; H — rhombohedral
shaped superstructures; | — ellipsoid-like 3D superstructures; J — nanorod; K — nanohusk; L — distordted cubes; M —
porous spheres and N — self-oriented flowers; O — star-shaped hexapode; P — concave octahedrons [29]

paKoBbIX OMyXose BO Bpema AUArHOCTUKM C UCMONb30Ba-
H/EeM MO3UTPOHHO-SMUCCUOHHOM W  MarHWUTHO-Pe30HaHC-
Hol Tomorpadum [31-33]. Pag aKkcnepumMeHTanbHbIX paboT
aeMoHCTpupyeT 3ddeKTMBHOCTb NpumeHeHua MHY B ru-
nepTepMmyecKor Tepanmmn PakoBbIX OMyXonen 1 B KauecTse
HOCUTeNnA B CUCTEMaX afpecHON JOCTaBKM JIeKapCTBEHHbIX
cpencTs [26, 34-36].

OpfHVIM 13 HOBbIX HanpaBneHWN NCCNe[OBaHUA MeAUKO-
6ronornyecknx csoricte MHY aBnaetca ux ncnonb3oBaHve
ANA CTMYNALMKN NPOLIECCOB pereHepaummn KOCTHOM TKaHW.
MexaHu3mbl Bo3geiicTeust MHY Ha meTabonvam 1 pereHepa-

LMI0 KOCTHOW TKaHW elle usyyatotca. Npegnonaraerca, yto
6ronornyeckoe percteme MHY moxet 6biTb 0OycnoBneHo
nx GP3NYECKMM CBONCTBaMW, @ UMEHHO CMOCOBHOCTbIO BOC-
NMPUHMMaTb BHeLLHee 3ieKTPOMarHUTHOe BO3[eNCTBIe, Npe-
0bpa30BbiBaTb €ro B TEM/IOBYIO SHEPIrMIO 1 TPAHC/IMPOBaTb
ee BHYTPUKNETOYHbIM CTPyKTypam. OfHaKo He MCKIloYaeTcA
N HenocpefcTBeHHOe BAVAHWE MUKPOMAarHUTHbIX MOsen,
reHepupyembix MHY, Ha GpyHKLIMOHaNbHYIO akTUBHOCTb Kile-
TOK KOCTHOW TKaHW. B pe3ynbTate BO3AENCTBMA TEX UK UHbIX
dV3MYecKNX CMrHanoB M3MeHseTcAa MeTabonmyeckas akTuB-
HOCTb KNeTOK KOCTHOW TKaHW. Tak, Hanprmep, yBenuunsaeTca
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nponudepaTBHan aKTUBHOCTb OCTe0bnacToB 1 BbipaboTKa
UMK 6eNIKOB BHEKNIETOYHOro MaTpuKca. lNokasaHo, uto ¢pusu-
yeckue curHanbl, reHeprpyemble MHY, cnocobHbl cTumynu-
poBaTb ocTeoreHHyto anddepeHumporky MMCK. Mpeanono-
MWTENbHO 3TO 00YCNOBNEHO M3MEHEHMEM YyBCTBUTENbHOCTA
K MapakpVHHbIM M SHOOKPWHHBIM CTUMYyflaM N CBA3AHHbIX
C HUMU BHYTPUKNETOUHbIX CUrHaNbHbIX NyTen [37-40].

KaK y»ke ynomnHanoco Bbille, ncnonb3osaHne MHY B Ka-
yecTBE CaMOCTOATENBHbIX GMONOrMUYECKM aKTVIBHbIX areHTOB
OrpaHNYMBaAETCA UX LUTOTOKCUYHOCTbBIO. Pe3ynbraThbl nccne-
[OBaHWI MOKa3blBatoT, UTO 3Ta Npobnema MoxeT ObiTb pe-
WweHa nytem nHTerpauumn MHY ¢ nonmepamu npupogHoro
N NCKYCCTBEHHOro npoucxoxaeHua. MNpy 3Tom, Kak oKasa-
NoCb, HOBble TMOPUAHbIE MaTepuasbl 06NafalT He TOMbKO
MarHUTOUyBCTBUTENILHOCTbIO, HO U NprobpeTatoT Gromrme-
TUYECKME N HOBblE CTPYKTYpPHO-MeXaHunyeckne n ¢usmue-
CKUe CBOWCTBA, UTO pacLUMpAET Arana3oH X Meanko-6mono-
rMYecKoro NpYMeHeHuA.

Tak, Hanpumep, nHTerpauma MHY ¢ matpuuen n3 no-
nueBnHUNuaeHdTOoprAa No3BonwMia Cco3fatb Gromatepuan
C OCTEOVHAYKTUBHbBIMY CBOMNCTBAMM, KOTOPblE peanmn3yoTca
nocpeacTBOM CTUMYNALMK OCTeoreHHon AnddepeHLmMpoB-
K1 KoCcTHbIX MMCK. ABTOpbI OTMEUatoT, YTo GYHKLMOHAsbHbIE
cBoNcTBa OrMomaTepurana MoryT ynpaBnAaTbCA yaaneHHbIMU
3/1eKTPOMarHUTHbIMW CTUMYSIaMK, MPU 3TOM OH CrocobeH
AKTUBMPOBATb pereHepaLmio KOCTU Aaxke Npy BOCManuTesb-
HbIX COCTOAHUAX 1 NOJABNEHUN OCcTeoreHesa [41].

MNMoka3aHo, uto nHTerpauma MHY B enaTnMHOBbLIN KapKac
CTUMYNMpyeT ocTeoreHe3 1 obpa3oBaHe HOBOW KOCTHOW
TKaHu. [MonyyeHHble pe3ynbTaTbl NMOKa3blBatoT, uTo Gopmu-
pOBaHVe HOBOW KOCTW 1 CTUMYNALMA OCTeoreHe3a Habnioaa-
loTCA faxe 6e3 BHELIHero 3/1eKTPOMarH1THOro BO3AeNCTBUA.
Take aBTOpbI OTMEYaloT NePCNeKTUBHOCTb NCMNOJIb30BaHNA
B KauecTBe Kapkaca ana MHY »kenatmHa, NockonbKy npu
3TOM HabnlofaeTca cornacoBaHve MpPOLeccoB Aerpafauunm
6romaTtepuana 1 3ameLleHrA KOCTHoro fedekTa [42].

Pesynbtathbl paga Apyrmx nccnefoBaHni NOKasblBaloOT BO3-
MOXHOCTb MPUMEHEHNA MarHUTHbIX YacTUL, 418 HanpaBseH-
HOM YHKUMOHaNM3aumMm 1 NpuaaHna OCTEOVHAYKTUBHbBIX
CBOWCTB ake 61onormyeckn MHepTHbIM MaTepuranam [26, 43].

CnocobHoctb MHY cTumynunpoBaTb oCcTeoreHes Ha Ke-
TOYHOM Y TKAHEBOM YPOBHE COXPAHAETCA N NPU UX UHTErpa-
LN CO CNOMXHBIMUA MHOTOKOMMOHEHTHBIMY KOMMO3UTHBIMI
MaTepuanamu. Hanpumep, BkntodeHne MHY B rugporens n3
XWUTO3aHa Y NOAVNSTUNEHTNINKONA MPUAAET KOMMO3UTY Crno-
COBHOCTb CTUMYNMPOBaTb OCTEOreHHYIo AnddepeHLNPOBKY
MMCK. Mo MHeHMo aBTOPOB, peanu3aLmnsa OCTEONHAYKTMB-
Horo noTeHuUmana 6romartepriana ocyLecTBAAETCA Nocpea-
CTBOM HaHOTEMNOBOW CTUMYIALIMM CTBOSTIOBbIX KNETOK U MO-
KeT perynmpoBaTbCA BHELLUHUMW MarHUTHbIMY nonamu [37].

BkntoueHre MHY B TpexmepHbI rmgporenesbl KNeToy-
HbIi HOCUTESTb C UMMOOWNN30BaHHbIMY CTBOJTOBbIMY KI1€TKa-
MW NO3BONAET CO3AaTb HOBbIN TN BrIOMaTeprana C KOHTPO-
NMpyeMbIM BbICBOOOXAEHMEM KINETOUHbIX $akTopOB pocTa.
B maHHOM cnyyae CTBOMOBbIE KNETKM BbINOMHAT GYHKLUMIO
NPOV3BOACTBA KNETOYHOIO CEKPETOMA, @ MHTErPUPOBaHHbIE
MHY cTmynupytoT KNneTouHyo akTMBHOCTb MOCie BO3fen-
CTBWA BHELLHEro MarHMTHOro nosns. lMonyyeHHble pe3ynbrathl
1 pa3paboTaHHan TEXHONMOIMA NO3BONAIOT NONYUYNTb GroMa-
Tepwmanbl, CNOCOBHbIE «BKOUATL»/«BbIKNIOYATb» BbICBOOOX-
[eHue BO BHEKNETOUHYIO cpefly KNeTouHbIX GakTopoB pocTa
1 BMONOTMYECKN aKTUBHbIX coeauHeHni [44, 45].
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Ewe ogHa TexHonorma vHterpaymmn MHY ¢ 6uononmme-
pamyi — UX HKaNCyauus B NOIMMEPHYO 060510UKY U3 pac-
TUTENbHbIX NonncaxapuaoB. CpaBHUTENIbHO HeaBHO TaKas
BO3MOXHOCTb Oblfla MOKa3aHa B OTHOLLEHWM anbrMHaTa, Nno-
ncaxapuga KpacHbIX MOPCKMX Bogopocnen, u MHY Hukena
[46]. Pa3paboTka gaHHON TexHonorny elwe 6onblue pacim-
paeT chepy npumeHeHna MHY, Hanpumep, nokpbiTe MHY
pacTUTENbHBIMI NONMCaxapugaMmn ¢ NPOTUBOBOCMANNTE b-
HbiM gencteuem [47, 48] NO3BONUT CHWXKATb BOCManeHue,
ypesMepHaa UHTEHCMBHOCTb KOTOPOrO MOXET NPensaTCTBO-
BaTb BOCCTAHOB/IEHNIO KOCTHbIX MepesioMoB U fedeKToB [49].

XOpOoLO M3BECTHO, YTO KNETKN MIEKOMUTAOWMX, B TOM
yncne KNeTkn KocTHom TkaHw [50], MMCK [51, 52], ¢ubpo-
6nacTtbl [53, 54], makpodaru 1 moHouwuTsl [55, 56], obnagatoT
CMOCOBGHOCTbIO pacrno3HaBaTb CTPYKTYPHO-MexaHnyeckme
0COGEHHOCTY MOBEPXHOCTU BMOMATEPMANIOB U B 3aBUCMMO-
CTV OT 3TOro GOPMUPOBATL TOT SN UHOW PYHKLNOHANBHBIN
otBeT [57]. OfHaKo B K/IMHMYECKOWN NpaKTuKke Hanbonee no-
NYNAPHbI METOAbI PerynAaumMn GYHKLMOHANIbHON aKTUBHOCTH
KNeToK MocpeacTBoM ¢papmakonornyeckoro (fekapcreeH-
Hble CpefcTBa) UM BUOXMMUYECKOTO (LUTOKUHBI, GaKTopbI
poCTa, aHTUTENa U T. A.) BO3aencTauA. [o-Bngumomy, 1o oby-
CnoBfieHo 6ofnee BbICOKOW CENeKTUBHOCTbIO BO3AENCTBUS,
BO3MOXXHOCTbIO CTaHAAPTU3ALMN M UCMOSb30BaHUA 3TOrO
NpoToKosa B CTaumnoHapax [58, 59]. Tem He MeHee nprMeHe-
HMe TaKUX NOAXOMAOB HeceT B cebe pucK HapyLeHna Gpusno-
nornyeckoro 6anaHca mexay ¢aktopamm pocta u LUTOKMHa-
MW, YTO MOXKET HEraTMBHO B/IVATL Ha NOCNeAYOLWMIA NpoLecc
pereHepauun [60, 61].

B omnnume ot Guonornyecknx n $bapmMakonormyeckmx
NoaxofoB, WCMONb30BaHME MNPUPOAHbIX MOoNMCaxapuaos
He OKa3blBaeT MyTareHHOro 1 KaHLeporeHHoro s¢dekTa,
OOHAKO OC/IOXKHAETCA CTPYKTYPHbIM pa3Hoobpasvem pac-
TUTENbHbIX MOMNCAXaPUAOB, TPYAHOCTAMM CTaHAAPTU3ALMN
CTPYKTYPbl U CENEKTUBHOCTbIO UX AENCTBUA HA KNETOYHYIO
aAKTUBHOCTb [5].

WHTerpaunsa MHY B coctaB ruaporenesbix briomatepu-
anoB U3 MPUPOAHbLIX NMONUCAXapUAoB MOXET pPewwnTb Npo-
6nemy cTaHAapPTM3aLMKM CTPYKTYPHO-MEXaHNYECKIX CBOMCTB
NMOBEPXHOCTU BIOMaTEPUANOB U CENEKTUBHOCTUN KIETOUHbIX
peakumin. [laHHbIN Noaxon MOXeT ObITb peann3oBaH 6naro-
fapAa cnocobHoct MHY BbipaBHMBATLCA BAOb BHELLUHENO
MarHUTHOrO Nofis U BO3AENCTBOBaTb TEM CaMbiM Ha Tororpa-
dUI0 1 MEXAHNYECKME XapPaKTEPUCTUKIN NMOBEPXHOCTM rMAapPO-
reneBoro Matepuana. B pesynbrate KOHTPONMPYEMOI MarHu-
TO-aKTMBMpPYeMoOn AepopMaummn rmaporeneBoro Mateprana
N ero CTPyKTYPHO-MeXaHNYeCKMX CBOMNCTB MOXHO pa3pabo-
TaTb CNOcobbl HaNpPaBNeHHOW Perynaumm ¢GyHKLMOHaNbHOM
AKTUBHOCTU KNeTOoK [62, 63].

Takum obpasom, uHterpauma MHY ¢ 6uononmmepamu,
NX HaZMONEKYNAPHbIMU CTPYKTYPaM/ U KOMMO3UTaMU —
nepcrneKTMBHOE HamnpaBs/ieHe AN CO34aHNA OCTEOreHHbIX
6uomaTepranoB MeguUUUHCKOrO Ha3HauyeHusA, B TOM yucne
HamnpaBfieHHbIX Ha MoBbleHNe 3PPeKTMBHOCTN pereHepa-
UMM KOCTHbIX AedekToB. TepaneBTnyeckoe fenctene MHY,
no BCeN BUAUMOCTU, OOYC/IOBMBAETCA MX CMOCOOHOCTbIO
HarpeBaTbCA NOJ BO3AENCTBMEM BHELIHErO MarHUTHOMO
nonA. NHterpauma MHY ¢ opraHnyeckummn n CMHTETUYECKU-
MW MOSIMEPaMK, CO CITOXHBbIMA BMOMUMETUYECKMUN KOH-
CTPYKLMAMU NO3BONAET CO3aBaTb <yMHble» OMomaTepmansi,
bYHKLMOHaNbHble CBONCTBA KOTOPbIX MOXHO PerynMpoBatb
BHELLHUM 3/1IEKTPOMArHUTHbIM BO3LECTBUEM.

M3IIATH | TV 13 AONIVIN 'V 1AV

73



MAPKOB IN.A. 1 OP. | OB30OPHAA CTATbA

74

3AKJTIOMEHUE

KocTHaa TKaHb npepfcTaBnAeTr cobow camoobHOBNA-
emylo G1ONIOrMYecKyto CUCTeMy, LIeNIOCTHOCTb 1 GyHKLM-
OHasIbHOCTb KOTOPOW MNOAAEPXKMBAETCA HemnpepbIBHbIM
NpoLlecCoM pemMofenupoBaHunA, MpY KOTOpPOM cTapas
N NoBpeXAeHHaA KOCTb 3aMeHAeTCA HOBOW. JHAOreHHas
CTUMYNALNA pereHepaTUBHONM penapauumn KOCTHOWN TKaHu
TpebyeTca Npu KOCTHbIX AedeKTax KpUTUYECKOro 3Have-
HUA.

MpepnoxeHbl HOBble CMOCOObI M NOAXOAbI HanpaBfeH-
Hol ¢yHKUMOHanu3aumm 6uomartepuanoB C Lefblo Mo-
BbILLEHMWA VX OCTEOreHHbIX CBOMCTB. Vicnonb3oBaHue ana
3Tnx uenerr MHY, cTpyKTyp CNoco6HbIX TpaHCIMPOBaTb

BECTHUK BOCCTAHOBUTENIbBHOM MEQULIUHBI | 2024 | 23(3)

BHELUHee 3/1IeKTPOMArHNTHOE BO3LEeNCTBUE BHYTPUKIETOY-
HbIM CTPYKTypaMm, UMeeT paf npeumMyLiecTs. B yactHocTy,
OCTeoreHHble CBOWCTBA MOXHO MpugaTb Gromatepuranam,
COCTOAWMM KaK 13 NPUPOAHBIX, TaK Y CUHTETNYECKUX MO-
NIMMEPOB, a TaKXKe VX KOMMO3ULMiA. MIHTerpaumsa HaHoua-
CTUL B COCTaB rMaporeseBbix 6ioMaTepUanoB M3 Npupoa-
HbIX MOJICaxapUA0B MOXET PeLUNTb NPOGNeMy CTaHAapPTH-
3aUMN CTPYKTYPHO-MEXaHNYECKUX CBOMCTB MOBEPXHOCTU
6VIOMATEPUANOB U CENEKTUBHOCTY KNETOUHbIX peakuuil.
Mcnonb3oBaHne MarHUTOUyBCTBUTENbHBIX 6GUOMaTepua-
NIOB MO3BOMAET CO3[aBaTb «YMHbIE» TKaHEUHXKeHEepHble
KOHCTPYKLWY, YyNpaBfsiemble BHEWHUMMN 3NIEKTPOMArHuT-
HbIMU CTVIMYIaMU.
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PE3IOME

BBEAEHWUE. PacnpocTpaHeHHOCTb MOCTUHCYNbTHbIX ABMIraTeNbHbIX U HEMPONCUXONOTMYECKNX PAacCTPONCTB BeNMKa, OAHAKO 3TV BUbI
HapyLeHn 06bIYHO paccMaTPUBalOTCA 6e3 B3aMMOCBA3M APYT C APYroM, TaKXKe 1 METOAbI peabunnTaumy pacCMaTprBaOTCA B KOHTEK-
CTe MOHOZOMEHHOTO BANAHUA Ha OTAEeNbHbIE GYHKLNN.

LIEJ1b. MpoBecTun aHanu3 nmeLmxcsa HayYHblX AaHHbIX O POJIN NCUXOPU3NONTOTMYECKUX TEXHOMOT I C B1uonornyeckor o6paTHom cBs-
3bto (BOC) B 0611aCTN KNMHNYECKOWN MeAVLIUHBI 1 MEAVLIMHCKOW peabunutaymn.

MATEPUAIJIbI. MNMpoaHann3npoBaHo 50 NCTOYHMKOB, 25 13 KOTOPbIX — CTaTbW BbICOKOTO YPOBHA AOKa3aTeNbHOCTM (paHLOMMU3NPO-
BaHHble KOHTPONMpYyeMble NCCNIeAOoBaHNsA, MeTaaHanr3bl, cucTemaTuyeckue 063opbl), onybinkoBaHHble B 6a3ax AaHHbIx Elibrary.ru,
Medline, Web of Science, PubMed un Scopus 3a neprog 2009-2024 rr.

PE3YJIbTATbI. Vi3yueHbl kKomnnekcHoe fencteue metoga BOC Ha ¢usmyeckme CUMNTOMbI M MCUXOMOFMYECKOe COCTOAHME Mnauu-
€HTOB, a TaKXKe BO3MOXHOCTb MCMONb30BaHUA $U3MONOrMYeckmx nokasatenei AnA agantuBHoro 6uoynpaeneHus. Hanbonbluee
KOMNMYeCTBO A0KAa3aTeNbCTB UMEETCA O MOMOXKUTENIbHOM BAVAHUM TEXHOMOIMK C ucnonb3oBaHnem BOC Ha NcMxosmMoLuMOoHanbHoOe
COCTOAAHME MALMEHTOB N COCTOAHME CePAEeYHO-COCYAMNCTON CUCTEMbI. 3HaUMMble pe3ysbTaTbl NOSyYeHbl Npu ncnonbsosaHun BOC-
3N1eKTPOMUOrpadUUecKoro TPEHNHIA B KOMMJIEKCHOW Tepanuu roflIoBHON 60NN 1 CBA3aHHbIX C HEM SMOLMOHANbHbIX PacCTPOWCTB.
Bce nccnenoBaHuMsi UMEIOT BbICOKMI YPOBEHb JOCTOBEPHOCTY AOKA3aTENbCTB U YOeAUTeNbHOCTA peKoMeHAauuin. bonbluon nporpecc
JOCTUMHYT B 0651aCTV Pa3paboTKN MHHOBALMOHHBIX NCUXO(PU3NONOrMYeCcKrX TEXHOMOMIA, BKIIOYas 1CMob30BaHMe annapaTHo-Npo-
rpPaMMHbIX KOMMJIEKCOB, 3neKTpo3HLUedpanorpadpum n HemponHtTepdencos.

3AKIIOYEHUE. Mcnxodursnonornyeckue texHonorum ¢ BOC gemoHcTprpytoT 3ddeKTUBHOCTb B peabunmtauuy naLMeHToB ¢ Ncmxo-
COMATUYECKNMMN PacCTPONCTBAMU, MOrPAHNYHBIMM COCTOSHUAMY U PALOM HEBPOJIOrMYecKrX 3aboneBaHunin (ronosHasa 60b, anunen-
Cus, CNMHaNbHasA TpaBMa, UHCYNbT). Heobxoaumbl ganbHenwme nccneaoBaHna ans GpopmMmpoBaHusa AoKasaTenbHol 6a3bl, yTOUHEeHNA
MEXaHU3MOB [e/CTBUA 1 aNrOPUTMOB Ha3HAYEHMWI C y4eTOM GU3MONOrMYECKON 1 NCUXONIOTMYECKON COCTaBNAIOLEN Ie4ebHOro nnm
peabunutaumoHHoro npotecca.

KJTIOYEBDIE CJTOBA: ncrxodusmonoruueckne TexHonornu, 6ronornueckas obpatHas cessb, MeQULMHCKas peabuanTaums,
HellPOUHTEPEIC, BUPTYabHaA PeanbHOCTb, MHCYLT.
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ABSTRACT

INTRODUCTION. There is high prevalence of post-stroke motor and neuropsychological disorders. However, they are usually considered
without interrelation with each other, and rehabilitation methods are also considered in the context of a monodomain effect on specific
functions.

AIM. To analyze the available scientific evidence on the role of psychophysiological technologies with biofeedback in clinical medicine
and medical rehabilitation.

MATERIALS. 50 sources were analyzed, 25 of which are high-level evidence-based articles (randomized controlled trials, meta-analyses,
systematic reviews) published in databases Elibrary.ru, Medline, Web of Science, PubMed and Scopus for the period of 2009-2024.
RESULTS. The complex effect of the BFB method on the physical symptoms and psychological state of patients, as well as the possibility of
using physiological indicators for adaptive biofeedback, has been studied. The greatest amount of evidence is available about the positive
effect of technology using BFB on the psychoemotional state of patients and the state of the cardiovascular system. Significant results were
obtained when using BFB-electromyographic-training in the complex therapy of headache and related emotional disorders. All studies have
a high level of reliability of evidence and credibility of recommendations. Great progress has been made in the development of innovative
psychophysiological technologies, including the use of hardware and software complexes, electroencephalography and neurointerfaces.
CONCLUSION. Psychophysiological technologies with BFB demonstrate effectiveness in the rehabilitation of patients with
psychosomatic disorders, borderline conditions and a number of neurological diseases (headache, epilepsy, spinal injury, stroke).
Further research is needed to form an evidence base, clarify the mechanisms of action and algorithms of prescriptions, taking into
account the physiological and psychological component of the therapeutic or rehabilitation process.

KEYWORDS: psychophysical technologies, biofeedback, medical rehabilitation, neurointerface, virtual reality, stroke.
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BBEOEHUE

Mcrxodusmonornyeckne TEXHONOTUN C  UCMOMb30-
BaHMeM meTofa Guonormyeckon obpatHonm cAasn (BOC)
ABNATCA 3GDEKTUBHBIM COBPEMEHHbIM MOAXOAOM, MO-
3BonAlWKMM 6e3 MHBa3MBHbIX BMELIATENbCTB YAYULINTb
dYHKLMOHMpPOBaHWe opraH3ma nyTeM MHCTPYMEHTaNnbHO-
ro obyyeHns HaBblkaM CaMOKOHTPONSA U CaMOpPErynsauuu.
TeopeTnueckmummn ocHoBaMu Ana pa3paboTKyM KoHLenuun
meToga BOC nocnyxunu wmccnepoBaHMA KnacCUyecko-
ro obycnosnusanua W.M. MaBnoBa, onepaHTHOro Hayue-
HuAa B.®. CkuHHepa, Teopun OGYHKLMOHANbHbBIX CUCTEM
MN.K. AHOX1Ha 1 MO3roBOW OpraHM3aLun NCUXNYECKON aes-
TenbHocTU H.M. BexTepeBoii, HayuHble paboTbl H.E. Munne-
pa v paga gpyrux astopos [1]. Metog BOC Hauyan ¢opmu-
poBaTbcA B KOHLe 50-x ronos XX B. B pamKax KNUHNYEeCKO
Hepodusmonornn 1 nepeble PaboTbl GbLIM NOCBALLEHDI
N3y4YeHUNIo BO3MOXKHOCTEN ynpasneHus anbda-putmom [2].
OcnopeHHoe BNOC/eACTBMN NPEAMNONOXKEHNE, YTO NPOU3-
BOJIbHOE ynpaBrieHne anbda-puTMOM MO3BONUT CHMXKATb
WHTEHCMBHOCTb CTPecca, MOCNYKN0 HavarioM paga uccre-
[OBaHWI B 0651acTv perynaumm Mo3roBo akTMBHOCTU AnA
neyeHnn 3NUIEencuu, ankoronnsma, cMHapoma deduumTa
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BHUMaHMA 1 runepaktueHoctn (CABI), a Takxe ppyrux
3aboneBaHuin [3-5].

O6bekToM perynaumm metogom BOC mMoxeT cTaTb Nto-
601 MapameTp OLEHKM >KM3HeOeATeNIbHOCTU OpraHu3Ma:
KOXKHO-TanbBaHMYeckasa peakuma (KIP), kokHaa nposo-
OMMOCTb, 3neKkTposHuedanorpamma (33I), TemnepaTtypa
KOXMW, YacToTa AbixaTenbHbix ABwkeHun (YOL), anekTpo-
Kapanorpamma (3KI), anektpomumorpamma (3Mr), ¢oTo-
nnetusmorpamma (OMN). MeTog yHMKaneH cBoen yHuBep-
CaNbHOCTbIO U HecneunPUUHOCTBIO, MOCKONbKY OKa3blBaeT
BO3JeNCTBME Ha BCE CUCTEMbl OpraHU3Ma, BOBNEYEHHbIE
B perynaunio QyHKLMOHaNbHOrO coctosHuA. Ha cerog-
HAWHWI feHb BOC aBnaeTca ogHUM U3 Hanbonee HayyHO
060CHOBaHHbIX MeTofloB broynpasneHua [6]. KonvyecTtso
NCCReaoBaHUI C UCMOSIb30BaHMEM AAHHOW TEXHOMOMNK He-
YKJIOHHO pacTeT, YTo onpefenseT NoTpebHOCTb B CMCTEMA-
TU3aLMM UMEIOLNXCA HAYYHbIX JaHHbIX, B YaCTHOCTU — TU-
nonormsauyun bOC-MHCTpYMeHTapuA, onpeaeneHmna rpaHnL
NPUMEHNMOCTI Pa3NINYHbIX YCTPOWCTB, aNrOPUTMOB Ha3Ha-
YeHUn, NoKasaHU 1 NPOTUBONOKA3aHUIN C yyeTom ¢pusmo-
JIOFNYECKON 1 NCUXONOrMUYECKOoW COCTAaBAAIOLLEN leyebHO-
ro uny peabunuTaunoHHOro npolecca.
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LEJIb

MpoBecTy aHanm3 UMeILLMXCA HayYHbIX JaHHbIX O PON
ncuxodusmonornyeckux texHonorun ¢ 6OC B obnactu kKnu-
HUYeCKON MeAULMHBI 1 MeAULIMHCKOW peabunuTaumm.

MATEPUAJIbl U METO[bI

MoncKk WCTOYHMKOB MPOBOAUICA B 6asax [HAaHHbIX
Elibrary.ru, Medline, Web of Science, PubMed 1 Scopus 1 Bbl-
ABUN NepBOHayanbHO 50 3anucen, U3 HUX 25 ctateln Gbim
BK/IOUYEHbl B aHaNn3, KPUTEPUAMU KOTOPOro ABUSIOCH CO-
OTBETCTBME (YHAAMEHTANIbHBIM MPUHUMNAM  [oKa3aTesb-
HOW MEeAULMHbI U BPEeMeHHaA OTHEeCEHHOCTb MNybnuMKauui
3a nepuog 2009-2024 rr. Vicnonb3oBanucb cnegyrowme
KJloUeBble C/IOBa: «MCUXOPU3NONOTNYECKE TEXHOOTUNY
(psychophysical technologies), «6ronornyeckas obpaTHas
cBsi3b» U «OroynpaeneHue» (biofeedback), «MeamumHcKas
peabunutaumsa» (medical rehabilitation), <HeponHTepdec»
(neurointerface), «BupTyanbHas peanbHOCTb» (virtual reality).

PE3YJIbTATbl UCCJIEAOBAHUA

Mcvixodusronornyeckas ocHoBa MeTofa b1oynpaBneHns
COCTOWT B OpraHu3aumm Ha npuHumne BOC gononHuTensbHo-
IO CEHCOPHOIO KOHTPONA Haf GY3MOSTOrMUYeCKM NPOLIECCOM
C BO3MOXHOCTbIO NMoc/eayoLLeli BbIpaboTKMU accoLmaTBHO-
ro (ycrnoBHO-pedneKTOpHOro) perynmpoBaHis € Lenblo Ha-
NpaBfeHHOro N3MeHeHUA BbIbPaHHOIO NapameTpa.

Konyenyuu s3¢pcpekmueHocmu memoda 6uoynpaeneHus

Peructpauua n nepepaya nauyueHTy nHdopmaumm o ero
CcOO6CTBEHHOM  QYHKLMOHaNbHOM COCTOAHWM, MOMTy4YaeMol
uepes pas/inyHble AaTUNKM B PEXKMME peanbHOro BpeMeHHU,
no3BonAeT 06yUnTb ero KOPPEKLUUN HapyLIEHHON Gpr3nOoNo-
rMyeckon GYHKUMM C yyacTeM MPOU3BOJIbHBIX 1 HEMPOW3-
BOJIbHbIX MeXaH13MoB camoperynaumu [7]. Mpu nposeaeHUn
3aHATUN NpoucxoauTt drkcauma GU3nonormyeckrx napame-
TpoB opraHuama (KI'P, 33T, Temnepatypa koxu, YA, KT, M,
QI 1 1. 4.) 1 KOMNbloTepHOE NpPeobpa3oBaHKe X B CUTHASbI
obpaTHoI CBA3M, BOCMPYHUMAEMblE YENIOBEKOM B BUfE 3BY-
KOBOro mMnu 3putenbHoro paga. lNoctynneHne nHdopmaumn
0 pur3MonorMyecKnx NapameTpax B pexrme peanbHOro Bpe-
MeHV JaeT BO3MOXHOCTb LieHTpabHbIM aHasIM3aTopam Mo3ra
MFHOBEHHO OLIEHMBaTb B3aMMOCBA3b TENECHbIX OLLYLLEHNI
C LeneBbIMM N3MEHEHNAMU 1 00yYaTbCA NPOW3BOSIBHOMY MX
BOCMPOU3BEAEHNIO.

CywiectByeT paf NPefnonoXeHnin 0 MexaHn3max, B co-
OTBETCTBUM C KOTOpbIMK focTuraeTca sddexktnBHocTb BOC.
MNepBoHauanbHaa KOHLEMNUMA OPUEHTMPOBaHa MpermyLle-
CTBEHHO Ha U3MeHeHVe BMraTesIbHbIX CTpaTernii 1 Npeano-
naraet BO3MOXHOCTb AJ1A MaLlMeHTa Npu NoMoLLy annapar-
HbIX Komnnekcos ¢ BOC HabnogaTb 3a HENPOW3BObHLIMU
1 Heoco3HaBaeMbIMU Mpoueccamu. [Npu 3Tom GoKycMpoBKa
BHYMaHMNA Ha CMMMTOMaXxX U OLLYLIEeHWAX, UM MNpefLlecTBy-
IOLMX, C BO3MOXKHOCTbIO MOHUTOPUHIra GU3MONOrMYEeCcKmX
KoppenaToB no3sonseT chopmrpoBaTb NoBeAeHNEe, YMeHb-
LatoLLee BbIpaXKeHHOCTb CUMNTOMATUKM [8].

CornacHo KOrHUTMBHOW KOHLIENLUK, CMeLLaloLLen JIOKYC
BHMMaHMA Ha MbIC NaumeHTa, TpeHuHrn ¢ BOC meHsAoT
npeAcTaBieHne nayreHTa o 601e3HY, NOBbILLAIT OXKMAAHNSA
NONOXUTENbHbIX 3GHEKTOB 1 MOTUBUPOBAHHOCTL [9]. O6e
KOHLenummn ocHoBaHbl Ha BNnAHUM BOC-TpeHrHra Ha Npeo6-
pa3oBaHMe M3HaualbHO «HEMPABUIIbHOIO» AENCTBUA Yeso-
BEKa B HOBOE, MOMOratoLLee ynyyLlnTb KauecTBO KU3HW.
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TpeTba KOHUEeNuUMA nonaraet, YTo Kax<Aablli YenoBek 06-
nagaet rnybokMM MOHMMaHMeM CBOero ¢Gu3nyeckoro co-
CTOAHWA N ero GYHKUMIA, OBHAKO 3TV CBEAEHNA CKPbITbI MO
MHOXeCTBY NpuynH. B Takom cnyyae BOC cny»kut ctumynu-
pylowmyM GakTopoMm, MO3BONAIOWMM «BbICBOOOAUTE» CO6-
CTBEHHble 3HaHWA 1 BbIBECTU VX Ha YPOBEHb co3HaHKA [10].

JokazamenvHasa 6a3a s¢hgpekmueHocmu mexHonoauti 6OC
3a nepuiog 2020-2024 rr. HabnopaeTca 3HauYWTeNbHOe
yBeNMYeHe Yncna HayuHblix nyonvkaumui no ncnonb3osa-
Huo TexHonormin BOC B 6a3e AaHHbIX HAYYHOW MeaULVH-
ckon nepuoankn PubMed. PasHble aBTOpbl 06BACHAT 3TO
HeOCTaTOYHON 3GPEKTUBHOCTBIO TPAANLIMOHHbBIX METOLOB
dapmakonornyeckoro neyeHus [6, 11-17], Hannumem B Ha-
CTOALMIA MOMEHT Yrny6neHHOro MOHMMaHWA MeXaH3MOB
HeMpOonIacTUYHOCTU U Heo6XOAMMOCTbIO COBEPLUEHCTBO-
BaHVA UMEIOLLMXCA METOLOB MEAWLMHCKON peabunmtaumm
(MP) [11, 18-21], a TakXXe CTPEMUTENbHbIM PAa3BUTMEM Bbl-
UNCTIUTENTBHOWN TEXHWKKM, POOOTOTEXHMKM, METOLOB 3anmncu
MO3rOBbIX CUFHAIOB U MaTeMaTUYeCKMX anropuTMOB AnA NX
fAekoampoBaHuA [21-22]. Takum 06pa3om, BHEAPEHME NCKXO-
¢dursmonormyeckmx TexHonoruii ¢ BOC B KNMHMYECKYIO MpaK-
TVKY ABNAETCA CBOEBPEMEHHBIM 1 HY>KAAeTCA B AaNibHeNLeM
n3yyeHUn ana GopmMMpoBaHUA foKa3aTeslbHON 6asbl, YTOu-
HeHVA MeXaHW3MOB LeNCTBUA 1 METOAONOMMYECKOM 0OOCHO-
BaHuK. MimetoLmeca K HacToALLeMy MOMEHTY MCCieoBaHUA
C NO3MLMUN JoKa3aTeNnbHON MeanLMHbI AeMOHCTPUPYIOT Npe-
UMYLLECTBEHHO CPefHUA YpOBeHb YOeaUTeNIbHOCTU PeKo-
MeHpaumii (YYP) n goctoBepHoCTV fokasaTenbcTs (YA ).

B 1abn. 1 npencraBneH 0630p nccnenoBaHni No NCnonb-
30BaHMWIO Pa3fIYHbIX MCUXOPU3NONOTNYECKUX TPEHWNHIOB
¢ BOC. aHHble oTHocuTenbHO YYP 1 Y[l nprcBoOeHbl B CO-
otBeTcTBUM C MpunoxkeHnem N2 2 K Mpukasy MuHncTepcTea
3npaBooxpaHeHua PO ot 28 deBpana 2019 r. N2 103H «O6
yTBEP)KAEHMN NOpALKa 1 CPOKOB Pa3paboTKN KNMHNYECKNX
pekoMeHAaLMIA, X NepecMoTpa, TUNoBon GOpMbl KNMHNYEC-
KUX pekoMeHZaumi 1 TpeboBaHU K UX CTPYKTYpe, COCTaBy
N HayyHON OBGOCHOBAHHOCTM BKIIIOYAEMON B KAMHMYeCKUe
pekomeHAauUmmn nHbopmMalmnmy.

Hanbonbluan gokasatenbHaa 6a3a cyliecTByeT Ana Knu-
HUYECKOro ncnosnb3oBaHuA KapgmoTtpeHuHra ¢ bOC. Bbl-
COKMIN YpOBEHb [OCTOBEPHOCTY foKasaTenbcTts (1, 2) npu
BbICOKOM YpOBHe YybeauTenbHOCTM pekomeHpaumn (A)
umetoT 24,0 % npoaHann3npoBaHHbIX paboT (6 n3 25), no-
CBALLEHHbIX NCMONb30BaHMIO KapanoTpeHuHra ¢ BOC. BOC-
KapOMOTPEHVIHT ABNAETCA Hambornee 13yyeHHbIM: YCJIOBHanA
pekomMeHAaLmA (He Bce paccmaTprBaeMble Kputepum b dek-
TUBHOCTY ABNAKTCA BaXKHbIMK, HE BCE NCCNIeA0BaHUA MMEeIoT
BbICOKOE MMV YAOBETBOPUTENbHOE METOAOOrMYecKoe Ka-
YeCTBO W/ VX BbIBOLbI MO MHTEPECYOWNM UCXodaM He
ABMIAIOTCA COMMacoBaHHbIMK), NMpefcTaBieHHasa Knaccom B
C Pas3nMUHbIMU YPOBHAMU [OCTOBEPHOCTU [OKa3aTeNbCTB
(2, 3, 4), BcTpeuaeTca B 59,1 % cnyvaes, 13 KoTopbix 6onee
nonoBuHbI (8 13 13 nccnepgoBaHUin) NOCBALLEHbI KapamoTpe-
HUHTY. ViccnepoBaTeny oTMeyatoT NONOXUTENIbHOE BVAHUE
[AaHHOWN TEXHOMOIN He TOSIbKO Ha COCTOAHME CepheyYHO-COo-
CyAVCTOW CMCTEMbI, HO U Ha TeKyLLiee NCMXO3MOLMOHaIbHOe
COCTOAIHVE MaLMeHTOB: CUMNTOMbI TPEBOTU, MAHWUKK, Aenpec-
cum, acteHmu, MNCTP. BaxHbI acnekT NpuMeHeHMA [aHHOTO
Buaa BOC — oTtcpoyeHHas 3¢pPeKTMBHOCTL NpoLeaypbl,
NPOABAAIOLLAACA B YCTONYMBOM U AJINTENIBHOM COXPaHeHWM
HaBblKa SMOLMOHaNbHON camoperynaumm [43].
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CnegyolWwM MO HanuMuuio fJoKasaTenbHoOW 6a3bl AB-
naetca DMI-TpeHVHr. B aHanuTMyeckom ob3ope paboThl,
NnocBsALleHHble M3yyeHuio 3¢pdexkTnBHocTM BOC ¢ ncnonb-
30BaHMeM 3NeKTpoMmorpadumn, NpeacTaBeHbl B TPEX Cy-
yasax (12,0 %). Ba*kHO OTMeTUTb, YTO BCE MMEIOT BbICOKMNIA
YPOBEHb AOCTOBEPHOCTU LOKa3aTenbCTB 1 ybeauTenbHo-
CTV pekomeHAauni. Hanbonee cyliectBeHHble pe3ynbraTbl
noslyyeHbl B OTHOLIEHNN KoMMneKkcHon Tepanuu 'bH, a Tak-
e conpAMXeHHbIX C JaHHOW NaTonornen SMOLMOHabHbIX
pacctpowncTs [45-47].

B oTHOWeHUN Takux Bugos bBOC-Tepanuu, Kak ctabuno-
TPEHVHT, AbIXaTeNbHbIN TPEHUHT, TEPMUYECKNI U TPEHUHT
¢ ncnonb3oBaHmeM KIP, puKkcmpyloTca cpefHUn n HU3KNIA
ypoBHU fokazatenbHocTh (B, C). Tem He meHee nccneno-
BaTeNM OTMEYAOT KOMIMJIEKCHOE AeNCTBME TEXHOIOTUN He
TONbKO Ha $ur3MYecKme CUMNTOMbI, HO 1 Ha NCUXonornye-
CKoe cocTosiHMe obcnenyembix. PaboTbl C MCMONb30BaHNEM
nnetnamorpadpum, I3 n OII BcTpeyatoTca peako.

WHHoeayuoHHble mexHoOMO2UU aAdAanmueHoz2o 6uo-
ynpaeneHus

AHanusmpya coctosHue npobembl TUMONOrM3aLnn Tex-
HUYECKMX YCTPOWCTB, paboTatowwmx no npuHumny bOC, He-
06X0VIMO OTMETUTb, UTO Ha CEroAHALWHUNA AeHb ncxodu-
310n0rMYeckme TeXHONOrMm NpeaCcTaBeHbl crneluanbHbIMm
annapaTtHo-NporpaMMHbiMu Komnnekcamu (AlK). MimeHHo
6narogapa AlMNK MOXHO TOYHO OTKOPPEKTMPOBaTb 060N
n3mepAemMbin napameTp GYHKLMOHMPOBAHNA OpraHm3ma:
nynoc, YOO, AL, nepudepunuyeckoe cocyamctoe conpoTms-
NeHune, 3NeKTPOMPOBOAMMOCTb KOXM, a TakXKe XapakTe-
puctmnkn IKI n 23 [6, 48-49]. MNosasneHne metoda 331 Kak
BO3MOXXHOCTU Hambosee TOUHO HabnogaTb akTMBHOCTb rO-
NOBHOIO MO3ra MOMOXMN0 Hayano CO3AaHuI0 TEXHOSIOMUN,
npogosmxatowen 1 passuaatoLLen koHuenumo bOC — Hen-
pouHTepdeinc «mosr-komnbtotep» (HMK). Ha gaHHbIN Mo-
MEHT CyLLecTByeT MHOXeCTBO BapuaHToB peanusaummn HMK,
B OCHOBE KOTOPOTO JIEXMWT YCTaHOBNIEHUE CBA3M MO3ra Yeno-
BeKa C KommnbtoTepoMm. [prmepom nHTepderica MoryT ciy-
XUTb HENPONpPOTe3bl, B KOTOPbIX 0COO0E YCTPONCTBO CUUTDI-
BaeT yKa3aHuA 13 Mo3ra, obpabaTbiBaeT 1x 1 nepefaeT Ha
KOHTpONNep, OTBETCTBEHHDIN 3a BbIMONIHEHNE KOHKPETHbIX
OBVKEHNN WNCKYCCTBEHHOW KOHeyHocTblo [50]. Ha npwuh-
uunbl BOC onupatoTca akTMBHO mcnonb3yowmneca B MP
MaLUMeHTOB C MapannMyaMmn yCTPOWCTBa: YeNioBeK Mosyyaer
BO3MOXHOCTb NepefBuUraTbCA CaMOCTOATENIbHO C MOMOLLbIO
KOMaHf, nepefaBaeMbIX Ha 3/1EKTPOHHOE YCTPOWCTBO.

MpuHUmnn paboTbl Bcex ycTponcts ¢ HMK cxox: anek-
TPOZbl CUMTbIBAIOT CUTHasbl MO3ra, KOTOPble MOCTYNatoT Ha
MUKPOKOHTPOIep, NPOBOAALLMIA OUNCTKY CUFHANoB OT ap-
TedaKTOB (4BVXKEHNA MbILLL, CepAeYHan AeATeNbHOCTb, No-
MeXu, CoO3fjaBaemMble SNEKTPOHNKOM U T. Ai.). 3aTeM Ha BHeLL-
HeM YCTPOWMCTBE MPY MOMOLLM NCKYCCTBEHHbBIX HEMPOHHbIX
cucTeM CUrHanbl 06pabaTbiBalOTCA C Uenblo maeHTUdU-
KaLun KOMaHAbl, KOTOPOI OHW COOTBETCTBYIOT U KOTopas
BNOCNECTBAM NepefaeTca Ha ynpaBnseMoe YCTPOWCTBO
[51]. TnaBHasA uenb nccnefoBaHMA 3aK/oYanachb B onpege-
neHUn Hanbonee [OCTOBEPHbIX MOKasaTenein ncmxodusm-
OJI0rYeCcKoro COCTOAHMA NaLUMeHTOB BO BpeMsA npoBefe-
HWMA Tepanuu. AHaNM3MPOBaNNCb M3MEHEHNA B MOKa3saTe-
nax YCC, nposogumocTtu koxun, Y4 n Temnepatypbl KOXu
y MaLUMEHTOB C MHCYNIbTOM U KOHTPOJbHOM rpynmbl. YyacT-
HMKaM NPOBOAWAN KOTHUTWUBHO-ABUraTeNbHbI TPEHWHT

ARTICLES

C 33jaHNAMN Pa3HOW CNOXHOCTN B BUPTYanbHOWN cpefe,
NCMonb3ya TakTUJIbHOrO poboTa Y OfHOBPEMEHHO peru-
CTpYpyA Ncuxodpusmonormyeckme nokasarenu. Bce uetoipe
napameTpa Nnokasanu 3HauuTebHble N3MEHEHUSA, KOTOpble
KoppenupoBanu C pe3ynbTaTaMmy CaMOOTYETOB WCMbITye-
MbiX. [POBOAMMOCTb KOXM pasnuyanacb B 3aBUCKMOCTU
OT CNOXHOCTY 3aAaHNI 1 KoppenrpoBana c CamooTyeTamu
y obeunx rpynn nauueHToB. TemnepaTypa KOXu pasnunya-
Nnacb B KOHTPOJIbHOW rpynne B 3aBUCMOCTM OT C/IOXKHOCTY
3aflaHnii, HO NoKa3asa Hey[oB/IeTBOPUTE/IbHbIE pe3ynbTa-
Tbl B rpynne nHcynota. YCC n YA yBennunsanuco BO Bpe-
M# BbINOSIHEHUA 3afaHUN, OAHAKO UX CBA3b C MCMXOSIOrK-
YeCKMM COCTOAHMEM HeACHa. YCTaHOBNEHO, YTO MPOBOAU-
MOCTb KOXM 0bnagaeT HanbonbLIUM NOTEHLMANIOM B Kaye-
CTBE MHAMKATOpa NCUXOOrMYeCKoro COCTOAHNA, a fpyrue
rnokasaTtenv NpefocTaBAAT AOMNONHUTENbHYIO NMHbOPMa-
uuto. Takum obpasom, NcMxopmsmonormyeckne nsmepeHna
MOryT ObITb MCMONb30BaHbl B CMCTEMax OGuonormyeckom
obpaTHOW CBA3M ANA onpefeneHnsa NcMxosiormMyeckoro co-
CTOAHMA NOMNb30BaTeNA U KoppeKunn Kypca Tepanuu [52].

Tamantini C. 1 coaBT. BblgeNnAN cnepyiowme ocobeH-
HoCTM ncmxodusmonornyeckn 06OCHOBaAHHOW CTpaTerum
KOHTpONA poboTN3NPOBaHHOW OpTOMeauYeckon peabunu-
TaLUMmM BEPXHUX KOHeYHOCTel: 1) BO3MOXXHOCTb reHepaLuum
TPaEKTOPUIA «TOUYKa-TOUKa» BHYTPWU agantmpyemoro pabo-
yero NPOCTPaHCTBa; 2) BO3MOXHOCTb OKa3aHWA MOMOLLM
B YNpaB/ieHN KOHEYHOCTAMM NaLyeHTaM NPy BbIMOMHEHWN
nocTaBneHHoN 3afaum, No3BOALWMMUN MM CBOOOAHO Nepe-
MelLLaTbCA C onpefeneHHoN CTerneHbl NPOCTPaHCTBEHHOM
N BPEMEHHOV aBTOHOMUY; 3) BO3MOXKHOCTb HacTPOWMKU Na-
pameTpoB yrpaBieHNa B COOTBETCTBUN C KMHEMATUYECKU-
MW MoKasaTeIAMU 1 NCUXOPU3NONOrNUYECKM COCTOAHEM
nauvieHTa. ABTOpbl MPoBeNM Banuauuilo peann3oBaHHON
cTpaTerMm KOHTPOMA Ha 8 naumeHTaX, KOTopble MpOoLUiv
20 ceaHcoB pob0OTM3MpPOBaHHON peabunuTaymu. icnonb3o-
BaHMe NcMxodu3roNorMyeckoro yrnpaBneHna nonoXmTenb-
HO BJIMANO Ha YUYaCTHMKOB, X MOTUBALMIO U KITMHUYECKYIO
pe3ynbTaTVBHOCTb B KOHTpONe ABuratesibHbIX GyHKUMIA Mo
CpaBHeHMIO C MauueHTaMu, He MPUHMMABLLUMK y4yacTue
B Mporpamme ncmxodusmnonormyeckon agantaumm. [44].

OfHONM 13 HOBbIX U 3PPEKTUBHBIX TEXHONOMUIA MCUXO-
dusnonornyeckon peabunutaumm ABNAETCA BUPTYanbHasA
peanbHocTb (BP). CneumanbHble nporpammbl, pa3paboTaH-
Hble ANA BOCCTAaHOBNEHWA HaBbIKOB U Y/YyYLLEHUA KOTHU-
TUBHbIX QYHKLMIA, NO3BONAOT NaLUMeHTaM TPeHNpPOoBaTbCA
B KOMPOPTHOI Cpefe, UTO MOMOraeT NPeoAoneTb MCMXO-
nornyeckre 6apbepbl 1 MOBbICUTb MOTUBALMIO AR BOCCTa-
HoBNeHWA. KnvHuyeckne uccnefoBaHUA NOATBEPXKAAlOT
3¢ ¢deKkTnBHOCTL BP B couetaHum ¢ dprsmyeckon tepanmen
ONA yNyylweHna KOTHUTUBHBIX Y MOTOPHbIX QYHKLMIA Y Na-
LIMEHTOB C MOCTMHCYNBTHBIMU HapyLUeHMAMKW. TexHonormm
BP Takke momoraloT crnpaBfATbCA C TPEBOXKHbIMU CUTY-
aumaMm 1 60neBbIMM OLLYLLEHUAMN, OTBMEKalOT OT AWC-
KomdopTa 1 nomoratoT paccnabutbca [53-55]. HoBbiM Ha-
npaeneHnem B pa3paboTke HelmponHTepPencoB ABNAETCA
cumburos texHonoruii HMK n BP. imetoTcs AaHHble o cos3-
JaHun cucTembl aganTBHon BP ¢ ucnonb3oBaHuem Hein-
pouHTepderica Ana BOCCTaHOBNEHNA MOTOPHbIX GYHKLMIA
B BUAe CcoueTaHUA Wwema BUpTyanbHoW peanbHocTn HTC
VIVE Pro Eye n komnnekca NeuroPlay-8Cap, ¢ nomouibio
KOTOPOro rM3mepsaeTca brosanekTpmyeckan akTBHOCTb ro-
NnoBHOro mo3sra [56].
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Mcuxogusuonozuyeckue mexHosozuu 8 MeOUYUHCKOU
peabunumayuu

Mcnxodumsmonornyeckne texHonormm ¢ bOC akTMBHO
NPUMEHAIOTCA B KJIMHUKE, 0COBEHHO MpW NevyeHun ncu-
XOCOMaTUYeCKNX PacCTPOMCTB, MOrPaHUYHbIX COCTOAHUI
N HeBponornyeckux 3adoneBaHuii. BOC-TpeHUHr MoXeT
MCMONb30BaTbCA KaK CaMOCTOATeNIbHaA McuxoTepaneBTu-
yeckan MeToANKa, a Takke 3PeKTUBHbIN MHCTPYMEHT Mo-
MOLLM Bpavy ANA AOCTVXeHNA 6osiee BbIpa)keHHOro 1 Aon-
rocpoyYHOro TepaneBTnyeckoro adpdekTa B pamkax MP.

Haunbonee yacto ncnonbsyotca ciegytowme Buabl Tpe-
HWHra:

e J3l-anbda-TPEHVHI: Pa3BUBAET HaBbIK MCUXO3MO-
LMOHANbHOWM penakcauuy, CHUXaeT Bo30yXaeHwue,
ncrMxmyeckoe HanpspkeHue, obwmin  guckomdopT,
YNy4lLaeT COH, CH/XaeT TPEBOXHOCTb 1 CTpax;

e J3J[-6eTa-TPEHUHI: GOpPMUPYET U TPEHUPYET HaBbIK
KOHLIEHTpaLum 1 yaep»aHua onTMmanbHOro ypoBHSA
BHUMaHWSA;

® KapAWOTPEHWHr: pa3BMBaeT HaBblk Auadpparmasnb-
HOro penakcaLMoHHOro AblXaHWA, ONTUMU3MpPYET
HarpysKky Ha cepaue u cocyfbl, HOpManusyeT Bere-
TOCOCYAMNCTbIV TOHYC, yMEHbLUAET CNacTUYecKoe Mbl-
LeYyHoe HanpskeHre, 60NeBon CMHAPOM, yiyJllaeT
nepndepuryeckoe KpoBoobpalleHne 1 cTabunusm-
pyet ALL;

e JDMI-TpeHVHr: GOpMMpPYET HaBbIK MbILIEYHOrO pac-
cnabneHma cnactnyeckom 6onu n NbH;

® TEPMMUYECKUIA TPEHVHT: yNlyyLllaeT COCYANCTYIO peak-
TUBHOCTb, HOPManu3yeT BereToCOCYAUCTbIA TOHYC,
YMeHbLUIAeT MbIleYHOe HanpsxeHne, 6oneBomn CuH-
OpoMm, ynydwaeT nepudepryeckoe KpoBoobpalle-
Hue n ctabunusnpyet All, cHMXaeT BO30OyxaeHue,
TPEBOXHOCTb 1 CTPax.

[okasaHo, uto ucnonb3osBaHve BOC nonoxuTtenbHO
BNMAET Ha yPOBEHb TPEBOMU 1 CTPecca, akTuaupys anbda-
PUTM FONIOBHOrO MO3ra. 3TO MPUBOAUT K CHWKeHuto All,
YCC 1 cocynmcToro conpoTMBAEHMSA, a TakKe HOpManusa-
LM YPOBHA KOPTN30/1a, PEHUHA 1 KaTexosaMnHoB. OfHo-
BPEMEHHO yCcuBaeTcAa BbipaboTka SHAOPPUHOB Ha YpPOB-
He LIHC, uto cnocobcTBYeT MOBBIWEHUIO MOABUKHOCTY
ONnMouAHON cuctembl [42-43].

3T 3dPeKTbl HaLLIM CBOE NMPUMEHEHME B MCUXMUATPU-
yeckom 1 NcuxoTepaneBTUYECKON NpaKTMKe Npy Tepanuu
HEeBPOTMYECKUX, TPEBOXHbIX 1 aAAUTUBHbBIX PacCTPONCTB,
npv geduunte BHUMaHWA 1 rMnepakTMBHocTU. B nocnep-
HUX uccnenoBaHuAX Obino nokasaHo, uto BOC-TpeHuHr
MOXeT 6bITb 3GHEKTUBHBIM MPY NEeYeHNN 3aBUCMMOCTEN OT
anKorona n HapkoTunkos [49, 57-59].

Ocoboe BHUMaHMe ypendAetTca npumMmeHeHuto BOC-
TPeHuHra npu neyeHun bH, murpeHn n ronosHom Gonm
npv HEBPOTUYECKUX, HEBPO30NOLOOHbIX 1 addeKTUBHbBIX
paccTponctBax [60]. Ana 6onee 3¢deKkTUBHON Tepanuu
MUTPEeHN uncnonb3yetca TemnepaTypHbin BOC-TpeHnHr
C OxNaxfeHveMm pyK. YCTaHOBNEHO, YTO Noj BO3LeNCTBU-
eM CTpecca NPOUCXOAUT LieHTpanu3aumna Kposoobpalle-
HWA, YTO NPUBOAUT K U3MeHeHuo ALl 1 KPOBOTOKaA, a Takxe
cnasmam nepudepryecknx cocynoB. OxnaxgeHume pyK cur-
HanM3npyeT O Hauyane CTpecca, a NpuobpeTeHne HaBbIKOB
KOHTPONA 3a TemnepaTypoln pyK MO3BONAET pacupuTb
cocyfbl KOHeyHocCTel, ymeHblwunTb All, yBennuutb nepu-
depurueckoe conpoTuBneHne 1 NPefoTBPaTUTb Pa3BUTUE
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SMOLMOHANbHOIO HaNPAXeHWA AN CHU3UTb ero ypoBeHb.
Takum 06pa3om, TpeHNpPOBKa MO yBeNMYEHMNIO TemrepaTy-
pbl PyK MOMOraeT NpefoTBpPaTUTb CUMMNATUYECKYI0 akTBa-
uuio 1 npepsatb 6onesown npuctyn [47].

bbino nokasaHo, uto Tepmuyeckaa bOC 1 TpeHMpPOBKK
penakcauum ¢ BOC no IMI, npu KOTOpOW NauneHTbl yyaTca
paccnabnAtb LeneBble TPynnbl CKeMeTHbIX MbILUL, 3Hauu-
TeNIbHO YNyYLaloT CMMNTOMbI Murpern n FlbH. Metaananu3
25 nccnepoBaHuii nokasan, yto bOC cpaBHUMa ¢ npodu-
naktnueckon dapmakoTepanven [46]. B gpyrom metaaHa-
nuse, obbeanHaALEM 55 nccnefoBaHWn, NPOAEMOHCTPY-
POBaHO YMeHblUEeHMe YacToTbl NPUCTYNOB MUTFPEHN Y na-
umeHToB, nonyyatowmx TexHonormn bOC [45]. B nccnego-
BaHWUK, coveTatolem Tennosyto 1 SMI-bOC, n TpeHNpoBKy
no penakcauuu, y nauynmeHToB C MUrpeHblo Habnoganocb
3HauNTeNIbHOE CHUXKEHMe 4acTOoTbl N MHTEHCUBHOCTU FO-
NOBHOMN 6011, MEXMPUCTYMHBIX CUMNTOMOB, YMEHbLLEHKE
VIHBANIMAHOCTW, CBSI3aHHOW C rofloBHOW Gonbio [45-46].
Papom nccnepgoBaHmil MOKa3aHO COKpalleHne UCNosb30-
BaHMWA NeKapcTs 1 obpalleHna 38 MeaULUHCKMU YCiyra-
MU Kak A58 NauMeHTOB C MUTPEHblo, Tak U AnA NauneHToB
¢ I'BH npu ncnonb3sosarHnn metogos BOC [61]. Takmum 06pa-
30M, BOC moxeT NoBbICUTb 3G GEKTUBHOCTb MPEBEHTUBHbIX
W aHanbreTMyeckmx npenapaToB ANA NeyYeHUA MUTPEHMN.
BOC moxeT ncnonb3oBaTtbCA NalyMeHTaMm C HenepeHoCu-
MOCTbIO NeKapcTB AnA npodunakTnkn (Hanpumep, Geta-
6nokatopamu), BO BpemMA GepeMeHHOCTW, Mpu YCJIOBUK
perynapHoro npumMeHeHna JaHHOro meTtoga [47, 62].

Metog BOC-TpeHnHra HaxoanT NpYIMeHeHne B Tepanumn
anunencun. 33M-TPeHNHrK, NCNosib3yemble ANA perynmpo-
BaHMA OMO3NEKTPUYECKON aKTMBHOCTM MO3ra, nomoratot
CHWMXKaTb YacCTOTY M CUTY MPUCTYMNOB, a TakXKe CrnocobcTay-
0T YNYYLUEHWIO KOTHUTMBHbIX GYHKLMIA y [aHHOW KaTero-
pvn nauymeHToB [63].

Wccneposarna B. bpykepa n H. bynaeson nokasanu
BO3MOXHOCTb mMcnonb3oBaHuAa IMI-bOC-TpeHnHra B cu-
cteme MP 605bHbIX CO CMVHaNbHOW TpaBMon [64]. TexHo-
norna BOC cnocobHa 3HauMTENbHO YBENUUYUTb BOJIEBOWA
OMTI-oTBeT onpefAeneHHbIX MblLLEYHbIX FPYMNN HUXe YPOB-
HA NOBpeXAeHWA CNMHHOro Mo3ra. Metog Aokasan CBOIO
3bPeKTNBHOCTb HE3aBUCMO OT BpPeMEHU Mocsie TPaBMbl,
HaYyasIbHOrO MbILLEYHOrO HAaMps»KeHWA U BOSIEBOrO KOH-
Tpona. MHorne nauuneHTbl, y KOTOPbIX U3HAaYanbHO OTCYT-
ctBoBan JMI-oTBeT, cMOrnM ero AoCTnYb ¢ nomoulbio bOC-
TpeHuHra, n ysennyeHne dMl-oteeta coctasuno ot 20 go
40 % [65].

B KNvHUKe HepBHbIX GonesHel TexHonormsa BOC no-
Kasana 3¢ eKTMBHOCTb Mpu peabmnutauuu naumeHToB
C AeTCKUM LiepebpanbHbIM Mapannyom, CnacTUYecKkomn Kpu-
BOLUEeN, HeBponaTMen N1LeBoro Hepaa [66-67].

MepcnekTBHbIM cumTaeTca ucnonb3osaHve BOC-
TpeHuHra B MP naumeHTOB, NepeHecwwmnx nHcynbT [68-70].
MocTMHCYNbTHbIE  HEMpPOMCMXOSIorMyeckmne HapylleHus
UrpaloT BakHYl ponb B GOPMUPOBaHUN ABUraTeNbHbIX
PacCTPONCTB M ABMAIOTCA BaXXHbIM aCNEKTOM MOCTUHCYbT-
Hol peabunuTaummn. OCHOBOW NCUXOU3MONOrNYECKO pe-
abunuTaumm CNy>KUT HeMpPOMNIaCTUYHOCTb, CTUMYNALNA KO-
TOPOW JOCTUrAETCA C MOMOLLbIO PA3NYHbBIX YNPaXHEHUN
N TPEHUPOBOK, HaMpaBfieHHbIX Ha BOCCTaHOBJIEHME KOr-
HUTVBHBIX 1 MOTOPHbIX HaBbIKOB [71]. BaXHbIM 351eMeHTOM
ncuxodpusmonornyeckor peabunuraumm agnaeTca pabora
C MCMXO3MOLMOHANbHbIM COCTOAHMEM naumeHTa. CTpecc,
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Aenpeccns U TPEBOXKHOCTb CHUXKAOT BO3MOXKHOCTU MP.
MNMcnxoTepaneBTNYECKNE METOAMKMN, TakMe KakK KOrHUTUB-
HO-NoBefeHYecKaa Tepanua, MeauTauma U penakcauus,
MO3BOMAIOT MaLMeHTaM YNyULUTb CBOE MCUXMYECKOe CO-
CTOAHVE Y Nyylle CNPaBUTbCA C SMOLMOHANbHBIMU TPYLHO-
CTAMMW, BO3HUKAOWMMK nocne uHcynbta [72]. BknioueHune
B MHAMBMAYaNbHY nporpammy MP ncuxodusnonormye-
ckmx TexHonoru ¢ BOC — BaXkHbI acneKT AnA NoBbiLle-
HUA 3PPeKTUBHOCTU MNPOBOAMMbBIX PeadUANTALMOHHDBIX
MeponpuATAN.

3AKJTIOMEHUE

HecMoTpAa Ha HOBM3HY M HEQOCTAaTOYHOCTb AaHHbIX
nccnefoBaHuin B obnact 6MoafanTUBHOIO yrnpaBrieHUs
C ncnonb3oBaHneM TexHonorun bOC, MOXKHO paccmaTpu-
BaTb pa3paboTKM B fAaHHOWM 061acTh Kak NepCneKkTMBHbIE.
Pe3ynbTaTtbl ony6AnMKoBaHHbIX UCCIeAOBaHWI 4EMOHCTPU-
PYIOT B3aMMOCBA3b NCUXONOMMYeCKUX 0cobeHHoCTen 1 ¢u-
3MOMIOMMYECKNX BO3MOXKHOCTEN WHAMBUOYYMOB B Xone
MOBLILIEHNS YPOBHA MPOU3BOJSIbHON CaMOperynsaumu.
Komnnekcbl ¢ BOC otnnyaeT HEMHBa3NBHOCTb, OTCYTCTBUE
NOOGOYHBIX 3PPEKTOB NMPU HAMUUN MONOKNTENbHBIX pe-
3yNnbTaToB OT Npouenyp, aAanTMBHOCTb B OTHOLIEHUW Na-
LMeHTa, BbIpa’keHHOE BANAHME HA MCMXO3MOLMOHaNbHOE
cocToAHne. Ocobo MHTepeCcHON NPeACTaBAAETCA BO3MOX-
HOCTb NpMeHeHuA TexHonornn ¢ BOC gna mogndunkaumm

NcUxXoprU3nMoNornyeckoro COCTOAHNA YenoBeka Ha OCHOBE
WHAVBYAYanbHOro noagxofa B nporpammax MP nauneHTos
pasnunyHbIX npodunei.

CoBpeMeHHble TEXHONIOTMN afanTUBHOro 6ruoynpasine-
HUA NPOAOJIKAKT Pa3BMBaTbCA B HanpaBneHuMn Bbibopa
nepcoHann3npoBaHHOro cueHapusa bOC-TpeHuHra: Wwupo-
K Habop B1LOB 0O6paTHOW CBA3M, BbICOKOE KauecTBO pe-
rmctpaymm GrU3nonornyecknx CUrHanoB, KOHTPONb ycneLl-
HOCTU 0OyYeHNA B pexknme peasbHOro BpeMeH, BO3MOX-
HOCTb MEHATb NapameTpbl TPEHUHIa MO KaXAoMy YC/IOBUIO,
He npepbiBad CeaHca, MOHUTOPUHT AUHAMUKK OOyYeHuA
naumeHTa, BO3MOXHOCTb CO3A4aBaTb CBOU COOCTBEHHble
nporpamMmmbl TPEHWPOBOK WHAMBUAYaANbHO ANIA KaXAoro
naumeHTa, NCNonb3yA pasfinyHble KoMOuHaumn Gu3nono-
rmyeckrx napameTpoB. PazpaboTaHbl HOBble MOPTATVBHbIE
[eBaliCbl, HOCYMble YCTPOWCTBA C CEHCOPHbIMU AaTUMKaMM
1 BOC, ponb KOTOPbIX B BO3MOXXHOCTU NCMXOPU3MOoormye-
CKOW KOppeKL M1 NoKa He ACHa.

Heobxoanmo panbHelnwee wnsyyeHne ocobeHHoCTel
N BO3MOXHOCTEN MNPUMEHEeHUA MNCUXOOU3NONOTNYECKIMX
TexHonorui ¢ BOC ¢ uenbto GopmrnpoBaHMA NEPCOHANN3N-
POBaHHbIX NMPOrpamMmm 6uoynpasfieHna B 3aBUCMOCTM OT
WHTENNEeKTYallbHOro CTaTyca, JIMYHOCTHOTO M MCUXONOrU-
yeckoro npoduna NaumneHTa, xapakTepa ¥ BbliPaXKeHHOCTU
HapyLeHHOro GYHKLMOHNPOBaHUA N MPUMEHAEMbIX pea-
OUNNTALMOHHbIX TEXHONTOTUA.
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O6unein Mainn AnekceeBHbl XaH

5 man 2024 r. oTMeTuna CBOW 106Uei N3BECTHBIN YYeHbIN
B 06nacTn getckol GusmoTepanmu, KypopTonorum 1 peabu-
nutauum npodeccop Maiia AnekceeBHa XaH.

MNMocne okoHuaHWA nepmaTpuyeckoro dakynbreTa 2-ro
MockoBcKoro megmumnHCKoro MHCTUTyTa um. H.M. MNMuporoea
c otnnumem B 1967 r. Mana AnekceeBHa Hayasna CBOIO TPYAO-
BYIO [i€ATENIbHOCTb C PaboThbl BPauoM-NeanaTpoM B JETCKOW
KNHMUYecko 6onbHMue N2 9. B 1969 r. nocTynwmna Ha paboTy
B focygapctBeHHbIi HAW KypopTonorun n ¢usmotepanum
MwuHuctepctBa 3ppaBooxpaHeHna CCCP Ha [JOMKHOCTb
MAafLIero Hay4yHoro COTpyAHUKa nof PyKOBOACTBOM MpoO-
¢deccopa TaTbAHbl BacunbeBHbl KapaueBLeBO, opraHn3o-
BaBLUEW B MHCTUTYTe AeTCKOe oTaeneHune, Kotopoe ¢ 1989 r.
Bo3rnaBsuna Mana AnekceeBHa.

Byoyun nocneposatenem npodeccopa AH. Obpocosa
1 yyeHuuen T.B. Kapauesueson, Maiia AnekceeBHa nepeHsna
nyywve TpaguumMm POCCUNCKOM 1 MUPOBOW dusnoTepanmn
n oboratTina ee HOBbIM copepxaHumeM. Maiia AnekceeBHa
aKTUBHO pa3pabaTbiBana BOMPOCHI MeXaHW3Ma neyebHOro
JencTera drsnyecknx GakTopoB Npu 3aboneBaHNAX AETCKO-
ro Bo3pacta. B 1975 r. M.A. XaH 3awmtnna KaHAnaaTckyto, a B
1990 r. — [OKTOPCKylo AnccepTaumio Ha Temy «Prsnyeckne
(baKTopbl B IEYEHNN XPOHNYECKNX BPOHXONEroYHbIX 3abone-
BaHWI y AeTen». MNop pykosoacTteoM Maiin AnekceeBHbl feT-
CKOe OTAeNEHVE NPEBPATUNIOCh B OTAEN 3aboneBaHWin aeTel
1 NMOAPOCTKOB HanpaBnieHVs MEAVLMHCKON peabunutaumm
n pusmotepanmun. KnnHuyeckor n HayyHol 6ason otaena fgon-
rne rogpl, 8o 2001 r.,, ABAANNCD KIIMHNKN MHCTUTYTa NeavaTpumn
AMH CCCP. B coTpygHn4ecTBe C y4YeHbIMWN 1 crieLuanmuctamm
npodunbHbIX KNUHUK HAW neguatpumn M.A. XaH 6biio co3ga-
HO HOBOE HanpaBnieHVe Mo pa3paboTke 1 Hay4yHOMY 06OCHO-
BaHUIO NMPUMEHeHUA Pur3nyecknx $akTopoB npu GonesHax
[EeTCKOro BO3pacTa, B TOM UMCIIE C Liefiblo CHUXEHWA neKkap-
CTBEHHOW Harpy3ku Ha pebeHka, NpeaynpexneHnsa oCIoxHe-
HW 3ab0neBaHVA U yMeHbLLIEHNA CPOKOB roCnuTanv3aLum.

Mo mHuumatmee 1 nop pykosogcteoM M.A. XaH 6bina
BMepBble OpraHM3oBaHa feTckaa dur3noTepaneBTNYeCKasn
cnyx6a B . MockBe. bonee 26 net Maiia AnekceeBHa ABNs-
nacb MMaBHbIM AeTCKUM CneymnannucTom [lenaptameHTa 3apa-
BOOXpaHeHuA I. MockBbl Mo ¢ur3noTepanu, BOCCTaHOBU-
TeflbHOM MeauLIMHE 1 KypPOPTONOrvN.

M.A. XaH BHecna 60nbLION BKMag B OpraHu3aumio caHa-
TOPHO-KypOpTHONM Momoln aetam B Poccuiickon Qepepa-
uun. [Mop ee pyKoBOACTBOM U MPY €€ y4acTUM NOArOTOB/EHbI
HOPMaTVBHO-MPABOBble JOKYMEHTbI MO CaHAaTOPHO-KYpOpPT-
HOMY fleyeHuIo AeTeln, NoKa3aHWA 1 NPOTMBONOKa3aHWA.

M.A. XaH aBnaeTca aBTopom 6onee 600 HayuHbIX My6nu-
Kauuii, 34 naTeHTOB Ha M300peTeHne, 55 meToguueckmx pe-
KomeHAdauui, 31 nocobus ana Bpaveint, 8 yuebHbIX Nocobuin
AnA cucTeMbl NOCNeAUNIIOMHOrO npodeccroHanbHoro o6-
pa3oBaHuA, coaBTop 24 MoHorpadwuii. lNof ee pyKkoBOACTBOM
3aLyieHbl 6onee 30 ArccepTaLuil, B TOM YMcsie JOKTOPCKMe.

Mana AnekceeBHa ABnaeTcA uneHom pegkonnernin 10 Be-
AyLmMX crneuman3npoBaHHbIX XKYPHas0B, B TOM YMC/Ie U >Kyp-
Hana «BecTHMK BOCCTaHOBUTENbHOWN MeANLNHbBIY.

MHorue rogbl M.A. XaH Wweapo fenutca CBOMM OMbITOM
1 BeAeT 6onbLUyio Nefarornyeckyto paboTy no NOBbILLEHNIO
KBanuouKkaumm Bpauent. fBnaetca npodpeccopom Kadepnp:
dusnyeckon 1 peabUnUTaLuMOHHON MeAWLMHbI C KypCcoMm
KNUHWYeckon ncuxonorim u nepgarorvkn OIreY OO «Lew-

TpanbHaA roCyfapCTBEHHaA MeAUUMHCKAA akagemusa»
YnpasneHua genamu MNpesngeHta Poccuinckon Qepepaumnu;
MeLMUMHCKON peabunutaummn n dusmnotepanun OYB BY3
MO MOHWKW nm. M.®. Bnagummpckoro.

3a npodeccnoHannam 1 noasvKHUYECKUA Tpya Maiia
AnekceeBHa CHUCKaa LIMPOKOE Npr3HaHUE U ry6oKoe yBa-
XeHune paboTHVKOB MeAMLIMHCKOWM HayKM 1 NPaKTUYeCcKoro
30paBOOXPaHEHNA, a TakXKe HarpakaeHa 3Hakamy oTnuus,
B TOM Umncnie: HarpyAaHbIM 3HaUKOM «OTINYHMKY 34paBOOXpa-
HeHuA», Meganbto MuHuctepctBa Poccuiickon Oepepaunn
no ¢usmueckor Kynbrype, cnopty u Typusmy «OTANYHMK
KYpPOPTHOW OTpaciv», NOYeTHOM rpamoTton MuH3gpascou-
pa3sutua Poccun, opgeHom M.B. JlomoHocoBa 3a 3acnyru
1 OONbLUON JINYHBIA BKNaj B Pa3BUTME Hayku U obpaszo-
BaHuA, Aunnomom naypeata PHUMY wm. H.W. Tunporosa
3a Nlyywure nokasatenn B ydyebHO-MeTofuuyeckon paboTte
B 0611aCTV KNNHNYECKUX QUCLUMIMH, 3HAKOM «3aCiy>KeHHbIN
Bpay ropofa Mocksbi», rpamoTon Jlaypeata MNpemunn ropoga
Mocksbl 2019 1. B 0651aCTV MEAULIMHDI, FPAMOTON 3a | MmecTo
BO Bcepoccminckom KoOHKypce B HOMUHaUmm «Jlyywunia Bpad
no MeanLMHCKoW peabunutaumm Poccun 2021 r» u gp.

B HacTosALwwee BpemAa Mana AnekceeBHa akTVIBHO TpyaWT-
CA Ha nonpuie POCCUACKON HayKuM 1 NpaKTVMKK B obnactu
dusmoTepanny, KypopTonornv, MeauLMHCKON peabunuta-
unn: 3aBegyet LleHTpom meanumnHckon peabunutaummn Orkb
um. H.O. Gunatosa [13M, a TakKe OTAENIOM MegMLMHCKON pea-
ounutaumn geten n nogpocTkoB FAY3 «MOCKOBCKMI Hay4YHO-
NPaKTUYECKUIA LIEHTP MeaMUMHCKON peabunmTaummn, BoccTa-
HOBUTENbHOW 1 cnopTrBHOM MeanumHbl M C.U. CnacokyKou-
koro [lenapTtameHTa 3gpaBooXpaHeHnA ropoaa MockBbi».

M.A. XaH — [MaBHbI BHELITATHbIN CNeLWannucT rno meau-
LUMHCKOM peabunutauun geTeil U KOHCYSBTAaHT Mo AETCKON
KypopTonoruu [laBHOro MeanLIMHCKOro ynpasseHna Ynpas-
neHua genamu Mpe3smpenHTa Poccniickon Oepepaunn.

MmasHbIi pegakTop A.[l. QecioH, pegkonnerna N pepak-
UMA KypHana «BecTHUK BOCCTaHOBUTENbHOW MeAULMHbI»
XenawoT yBaxxaemol Malie AnekceesHe fO6GPOro 300poBbs,
JanbHENWNX TBOPYECKUX YCMEXOB, HOBbIX OOCTUKEHWN
Ha 611aropofiHOM NyTY COXPAHEHNA 1 YKPEIeHWsA 300POBbA
neten!

B LEHTPE BHUMAHUA





